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1 of donor hearts that is preserved in the OCS. However, I have to -- you know, I'm a cardiac 

2 surgeon in training before TransMedics, so I have to look at the data.  What the data shows, 

3 that clearly we demonstrated that benefit in the EXPAND and CAP population. There is a 

4 question about long-term survival in PROCEED, we take full -- you know, we stand by the 

results. However, this is an older trial, smaller sample size, the indication and the selection 

6 were very different 11-12 years ago, and it's a completely different device and completely 

7 different use model.  That may be the nucleus of your question, but what we are proposing 

8 is an indication that matches our results from EXPAND and it is agnostic of what type of 

9 heart it shows.  It is matching the results that we've proven in EXPAND and CAP. 

DR. O'CONNOR:  And along those lines, in the EXPAND, the patients who had cross-

11 clamp times greater than 4 hours and a risk factor, I think, which comprises about 17% had 

12 similar outcomes to the overall population or the population that was not in that subset. 

13 DR. HASSANEIN: Dr. O'Connor, can you please clarify the question? 

14 DR. O'CONNOR:  The patients that had a cross-clamp time of greater than 4 hours 

and a risk factor. 

16 DR. HASSANEIN:  Right. 

17 DR. O'CONNOR: The 17% of your population.  Were their outcomes the same as 

18 those that did not meet that specific --

19 (Cross-talk.) 

DR. HASSANEIN: Yes. The outcomes were the same and as we showed in the 

21 presentation, when we only focused on the cross-clamp of 4 hours or more, which is a 

22 single criterion, the outcomes were presented in the presentation and showed clearly that 

23 cardiac related survival was a hundred percent and all the mortality that occurred in that 

24 subgroup was all non-cardiac related. 

DR. O'CONNOR: Thank you. 
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1 DR. HASSANEIN: Thank you. 

2 DR. O'CONNOR:  Thank you, Dr. Lange. 

3 DR. LANGE: Yeah. So Dr. Hassanein, I think if I could expand on what Dr. O'Connor is 

4 saying, those are the 33 of the 116 patients, and if you could show the similar data for 

those, for the other patients, as well. 

6 DR. HASSANEIN:  Yes.  Dr. Lange, can we show that after the break? 

7 DR. LANGE:  Yes, sir. 

8 DR. HASSANEIN: Data for all the other patients that had a cross-clamp of 4 hours or 

9 more. 

DR. LANGE:  Yeah, with the risk factors. Yes. 

11 DR. HASSANEIN: We'll do that. Thank you. 

12 DR. LANGE: I've got Dr. Cigarroa, Mr. Jarvis, and Dr. Katz. 

13 Is there anybody else that I've missed so far?  And then Dr. Selzman and Bonde and 

14 Bram, Dr. Zuckerman. 

Okay, so Dr. Cigarroa. 

16 DR. CIGARROA: Good morning and thank you for the presentation.  This is Joaquin 

17 Cigarroa. 

18 I'd like some clarification on the process for adjudication.  Was there a single 

19 individual reviewing and adjudicating or did you have a committee? 

DR. HASSANEIN: Dr. Cigarroa, thank you for the question.  Waleed Hassanein, 

21 TransMedics. 

22 For this particular trial we had a single medical monitor, which is Professor John 

23 Wallwork. But for other, you know, the newer trials, we always now have a CEC committee 

24 of a minimum of three people.  But for EXPAND and CAP, it was a single medical monitor 

that adjudicated all the adverse events in a blinded fashion. 
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1 DR. CIGARROA:  Thank you for that clarification. 

2 DR. LANGE:  Mr. Jarvis. 

3 MR. JARVIS: Yeah, hi.  Gary Jarvis. 

4 Well, I'd like to thank the company for their excellent presentation, but what I was 

wondering, all this data that's up there, did you happen to compare any of this data to any 

6 of the national databases that are out there, as well? 

7 DR. HASSANEIN:  You mean UNOS database or SRTR database? 

8 MR. JARVIS: Yes, the SRTR and others. 

9 DR. HASSANEIN:  Thank you, Mr. Jarvis. Waleed Hassanein, TransMedics. 

So for the longest time we actually approached UNOS formally and asked them to 

11 perform a propensity match analysis because we were focusing on how different our risk 

12 factors are compared to the national average.  UNOS came back and said they're unable to 

13 do that because of the significant high-risk factors in EXPAND. 

14 More recently, when we saw the draft FDA questions, we were concerned that FDA 

is raising the issue that there may be a reduction in the outcome of survival with the OCS. 

16 So we went back and we compared un-risk adjusted, no risk adjustment whatsoever for the 

17 same period of the trial with the UNOS database. We've always presented to FDA the 

18 analysis or, I apologize, the benchmarking on an annual basis, but this time we did a formal 

19 Kaplan-Meier analysis comparing the outcome of EXPAND and CAP to the SRTR national 

database of 10,800 patients that were transplanted in the U.S. using standard criteria 

21 hearts in the same time window of EXPAND and CAP. 

22 And I want to disclose that this analysis is a recent analysis that we have not 

23 submitted to FDA for their review.  However, we felt it is important to be prepared with 

24 that analysis to address panel questions. 

As you can see here, EXPAND and CAP had similar survival outcomes to the national 
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1 standard heart transplant database.  Simply stated, we took hearts that had been refused 

2 on average 60 times or more and made them successfully transplanted at a rate of 84% with 

3 an excellent survival, long-term survival, and excellent primary graft dysfunction rate at 8%, 

4 which is one-third the reported average. 

We also went back and we said let's look even further and see if we can look at the 

6 SRTR data from the centers that actually contributed to the EXPAND and CAP, which is the 

7 closest we could get to a concurrent control, and the results were similar. Again, that is a 

8 recent analysis that we only conducted after we saw the draft FDA question and we have 

9 not had the opportunity to share with the FDA for their review.  And as you can see here, 

that is the same site data comparing outcome from EXPAND and CAP to the SRTR database 

11 from heart transplanted, standard criteria hearts at the same trial sites. 

12 DR. LANGE:  Thank you, Dr. Hassanein. 

13 I've got Dr. Katz, Dr. Selzman, Dr. Bonde, and Dr. Zuckerman. 

14 So Dr. Katz. 

DR. KATZ: So just two brief things, so to help with my understanding. I assume that 

16 what was labeled as the ischemic time, that included the time to prep the heart and put it 

17 on the system and then to decannulate the heart and do the standard prep for implant. 

18 What is about the average time for just preparing the heart to put on the system?  Out of 

19 curiosity. 

DR. HASSANEIN: Thank you, Dr. Katz. Waleed Hassanein, TransMedics. 

21 It's approximately anywhere between 20 to 30 minutes depending on the expertise 

22 of the team. We haven't seen it anywhere above that in a very, very long time. That is in 

23 the front end, which is really the time from cross-clamp until you get the aorta cannulated 

24 and perfused in the OCS. On the back end, it's an average of anywhere between 60 to 90 

minutes, which is really the reimplantation time. And in between is the perfusion, 
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1 perfusion time on OCS, which is not ischemic. 

2 DR. KATZ: And then one more brief question, if that's okay.  Any information about 

3 shorter times.  So for example, and someone alluded to this a little bit earlier, if you just 

4 had a heart that was going to have a two or two and a half hour ischemic period used in the 

OCS versus cold perfusion, is there any information about that? 

6 DR. HASSANEIN:  If I can ask your permission to look into that specifically with the 

7 other question and report on it after the break, I would greatly appreciate it. 

8 DR. KATZ:  Again, without extra criteria.  I'm interested --

9 (Cross-talk.) 

DR. HASSANEIN:  Just looking at the total cross-clamp time between 2 and 3 hours or 

11 something like that? 

12 DR. KATZ:  Correct. 

13 DR. HASSANEIN: Will that work? 

14 DR. KATZ:  Exactly. 

DR. HASSANEIN: So if I have your permission to do that and look into that and bring 

16 the data that I have after break, I would greatly appreciate it. 

17 DR. LANGE: Great.  Dr. Hassanein, I'm actually making -- the things that we'll need 

18 after the break, I'm making list of them so we can --

19 (Cross-talk.) 

DR. HASSANEIN:  Great, great.  Thank you. 

21 DR. LANGE: I've got Dr. Selzman, Dr. Bonde, Dr. Zuckerman, Dr. Cigarroa again. 

22 DR. SELZMAN: Thank you.  Craig Selzman. 

23 So a number of questions, but three that are directly related to understanding 

24 EXPAND a little bit better. So the issue is the long cross-clamp and about 6 hours total out-

of-body time.  Not to make fun of our kidney transplant colleagues that want to do all their 
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1 stuff at 7:00 in the morning, if we -- do you have data that's not just time, but just actually 

2 travel distance, because is the time just related to people going a little bit slower or is it 

3 actually because we're traveling to Hawaii or Puerto Rico or other places? That's my first 

4 question. 

DR. HASSANEIN: So yes, we actually looked into that and the first slide here 

6 represents the actual time, donor to recipient, but also distance, donor to recipient, and 

7 how do they match to the UNOS database.  So it's not a matter of slowness, it's actually a 

8 matter of distance retrieval.  And I think the slide that Dr. Shah demonstrated in his section, 

9 these are all really cases from EXPAND and CAP and again, for disclosure, there's one recent 

case in the CAP that occurred literally last week, which is the one from Honolulu to LA. But 

11 all of the rest of the distance here were presented in our analysis to the FDA through the 

12 EXPAND and CAP. So it's the former.  It's the former, Dr. Selzman, not the latter. 

13 DR. SELZMAN:  It would be good to have a range, that's helpful. 

14 DR. HASSANEIN:  Sure. 

DR. SELZMAN:  A second question.  You know, you mentioned that most of the 

16 turndowns is a multifactorial decision process, but actually your data is really all about 

17 lactate, I think eight of the nine were all about lactate, and then you referenced -- I tried to 

18 find this article and couldn't find it because I think it was just an abstract to the ISHLT, this 

19 Hamed reference. So there really is no science attached to the lactate, the best that we can 

tell. And this might be relevant to your post-approval study. 

21 How are you going to more objectively assess heart function?  You know, I think the 

22 one case that you said that didn't convert well back into a sinus rhythm, I think that's a very 

23 objective piece. But looking at a heart beating ex vivo and saying it looks better or not 

24 better, do you have plans to have more objective methods to assess function? And this is 

actually not recognizing that there could be other biomarkers that could be used, as well. 
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1 DR. HASSANEIN:  Sure. Thank you, Dr. Selzman. Waleed Hassanein, TransMedics. 

2 Actually, I want to clarify one important fact.  In the OCS, the heart is perfused 

3 antegrade through the aortic root into the coronary sinus, so the heart us unloaded, so the 

4 only functional assessment we have in that is just the contractility of the beating heart in an 

empty state, so it's not a loaded condition.  That's number one. 

6 But the other parameters that would rely on is exactly what you highlighted, the 

7 return to sinus rhythm, the contractility of the RV, the contractility of the LV, and the 

8 lactate trend. So to your early point of the question, yes, lactate is a key indicator to -- as a 

9 sign of ischemia, as a sign of the anaerobic metabolism. So that's the first red flag.  From 

there you need to assess that or interpret that based on perfusion parameters. 

11 DR. SELZMAN: Okay. 

12 DR. HASSANEIN:  For example, you have to look at aortic pressure and coronary flow 

13 and then ultimately, the clinical judgment is in everything you highlighted and I reiterated. 

14 DR. SELZMAN: Okay. I'm sorry, just because I want to get this one last question in. 

DR. HASSANEIN: Please, please. 

16 DR. SELZMAN:  So if you were to take your PROCEED population --

17 DR. HASSANEIN:  Um-hum. 

18 DR. SELZMAN:  -- and I understand the reluctance to use PROCEED to inform us too 

19 much about EXPAND, but if you were to identify patients in PROCEED that met the inclusion 

criteria for EXPAND, did you do that analysis?  Do you have long-term data on those 

21 PROCEED patients? So were there patients in PROCEED that would have been exactly the 

22 patients of the EXPAND population? I understand that they're different. 

23 DR. HASSANEIN:  Yeah. 

24 DR. SELZMAN:  And if so, what were the outcomes of those patients? 

DR. HASSANEIN: If you allow me to look into that specific question and report back 
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1 after lunch, I would greatly appreciate it.  But from where I sit, I don't believe that we had 

2 anybody in PROCEED that would match the extended criteria nature of EXPAND except 

3 maybe for cross-clamp time, but please allow me the opportunity to review the data with 

4 the team and report back after lunch. 

DR. SELZMAN:  But that's the thing, right, that's your number one.  That's your 

6 number one piece, right? There's no reason really for us to think that left ventricular 

7 hypertrophy is going to get better on a pump, right?  So the key indication is still going to be 

8 the length of time, so having that additional data might be important. 

9 DR. HASSANEIN: Sure, we'll look into that. But I want to highlight the LV point is our 

ability to protect the LVH better by minimizing ischemic damage on LVH heart.  We're not 

11 saying that it will get better on the OCS. Just to clarify. 

12 DR. LANGE: I've got Dr. Bonde, Dr. Zuckerman, and Dr. Cigarroa. 

13 DR. BONDE: Thank you for your excellent presentation and certainly, a huge 

14 advance in the last five decades of heart transplantation. I have three questions, one is a 

general question and two are very specific. 

16 The first question is how do you reconcile the new allocation policy now?  Then you 

17 said that in your trial you had the sick patients, how many of those sick patients now will 

18 get downgraded not to be sick as Status 3 or Status 4 now? 

19 The second question has to do with how many specific number of patients require a 

post-transplant mechanical circulatory support either in the form of ECMO, biventricular 

21 assist devices, or an intra-aortic balloon pump or a long duration of inotropes?  And this is 

22 related to your post-transplant PGD. 

23 DR. HASSANEIN:  Um-hum. 

24 DR. BONDE: The third question has to do with the system itself, or the machine 

itself. How many instances of hearts coming off the cannulas are the systems not working 
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1 appropriately?  Again, notice so far any combined experience, either due to surgeon error 

2 or due to machine error or due to perfusion error, because this will be important when 

3 you're looking at 16% to 20% of the hearts being rejected and some of them will also 

4 include these because this has implications for the cost.  If somebody's flying off, flying 

back, and then the heart being rejected, so that has got implication for the cost for the 

6 center as well as for the recipient. 

7 DR. HASSANEIN: Thank you, Dr. Bonde. Let me address all three questions.  Waleed 

8 Hassanein, TransMedics. 

9 So relating to the new allocation and the status for the recipient, the EXPAND and 

CAP actually were conducted with the new allocation scheme, so we don't expect a 

11 significant change or shift in the interpretation of the data based on a new allocation. In 

12 fact, the long retrieval distances that we highlighted and the ability of the OCS to make 

13 these hearts available for transplant is another data-driven testament to that. 

14 Related to the second question, the PGD assessment in the EXPAND and CAP trial 

followed the 2014 ISHLT guideline to the strict definition. So any PGD 3, which totaled 8%, 

16 were all related to mechanical circulatory support or ECMO or intra-aortic balloon pump. 

17 So 8% of PGD, as you know, is well below the reported rates of PGD in standard 

18 contemporary heart transplant in the United States. 

19 Related to the third part of the question or the third question, to the best of my 

knowledge, and I will verify that during the break, there has never been a device 

21 malfunction or a cannulation failure or anything related to the device that led to a discard 

22 of a heart, but I will verify that. 

23 The point about the -- I think you might be asking that question, and please correct 

24 me if I'm wrong, related to some references in the FDA material about the disconnection of 

the --
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1 (Audio feedback.) 

2 DR. HASSANEIN: -- that was primarily done by the retrieval team to unload the RV 

3 and that is another sign to Dr. Selzman's earlier question. When you see the RV distended, 

4 even in an empty heart, just pumping a liter of coronary flow or so, that's a negative or red 

flag.  So they would unload the RV by disconnecting the cannula, but the heart is continuing 

6 to be perfused through the aortic root. But to the best of my knowledge, there has never 

7 been any device related or cannula related event that would lead to discarding of these 

8 hearts. But allow me 10 seconds to address the other point, the other side of this. 

9 (Cross-talk.) 

DR. HASSANEIN: Go ahead. Go ahead, Dr. Lange. I'm sorry. 

11 DR. LANGE: I have two more questions I want to get in. 

12 DR. HASSANEIN:  Sure. 

13 DR. LANGE:  And so there will be adequate time later. 

14 So Dr. Zuckerman. 

DR. ZUCKERMAN:  Yes.  Thank you, Dr. Lange. 

16 First, Dr. Hassanein, thank you and your team for a very nice presentation.  My 

17 question is an extension of Dr. Allen's earlier question relating to the proposed PAS.  The 

18 hundred seventy-five patients is a very large cohort. Can you clarify for the Panel, would all 

19 these patients come from new sites?  Because Dr. Allen asked some key questions about 

how to extend this knowledge to new sites and so what percentage would be new sites? 

21 And the second ask is perhaps after the lunch break you could allow Dr. Allen and 

22 other Panel members to talk with some of your principal investigators to better understand 

23 what are the tricks of the trade that would need to be generalized and studied at new sites. 

24 Thank you, if you could respond. 

DR. HASSANEIN:  Thank you, Dr. Zuckerman, and thank you for the opportunity to 
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1 present today.  Waleed Hassanein, TransMedics. 

2 Of course, the Panel is more than welcome to talk to our leaders that have done the 

3 work, to get their perspective that really determines discretion. 

4 So let me address related to the new sites and the PAS. Let me address the question 

from one angle first and then I'll come specifically to the PAS. Over the past 4 years or 

6 maybe even more, our training program and certification program has been extremely 

7 robust and a testament to that -- it's not just my opinion, the fact that we moved from an 

8 eight to nine-center, in EXPAND and CAP, to 25-center DCD program, a significant number 

9 of new centers, all of which have been performing OCS completely solo, relying on our 

either 24 by 7 hotline or our training app, provide significant confidence that the training 

11 and the support model is mature enough to enable us to enter into the postmarket setting 

12 with a strong confidence that the learning curves are not going to be repeated.  So that's 

13 number one. 

14 Number two, relating to sort of the natural progression.  Of course, naturally, we 

would start with centers that have experience with the OCS, for example, 25 centers 

16 already are engaged in the DCD program.  There's additional centers from the CAP program 

17 that haven't been included yet in the -- or I'm sorry, in the EXPAND program that haven't 

18 been included in the DCD program, centers that had experience with PROCEED.  So starting 

19 naturally with centers that have experience, that makes perfect sense. 

But we feel very confident that any new center that has a dedicated heart transplant 

21 team that will go through our certification and they have to attend that program.  I think 

22 our track record points that it's very solid and we were able to replicate that experience 

23 across 25 new U.S. heart transplant programs in the DCD trial.  And again, our leaders can 

24 weigh in from their perspective at the Chairman's discretion. 

DR. LANGE: Great.  Dr. Zuckerman, does that tangentially answer your question? 
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1 DR. ZUCKERMAN:  Yes.  Perhaps after the lunch break Drs. Schroder and Shah may 

2 want to give comments and have back-and-forth with the Panel. 

3 DR. LANGE: Sounds great. 

4 Dr. Cigarroa, I think you probably have the last question before break. 

DR. CIGARROA: Thank you. This is Joaquin Cigarroa. 

6 One is a point of clarification and a second is a question.  Going back several 

7 questions ago, there was a comment about ischemic and non-ischemic time relative to 

8 going on to the device and then coming off of the device and being implanted. Is it not true 

9 that the entire period involves thresholds of ischemia and just what you're classifying is 

ischemic or non-ischemic, because lactates are not normal in the graph that you provided 

11 for any, it's just threshold of either (a) a trend or (b) an absolute cutoff of five.  So the way I 

12 see this is that the ischemic time is occurring inclusive of the cardioplegia, it's just a 

13 magnitude, so can you comment on that?  And then I have one clarifying question. 

14 DR. HASSANEIN: Thank you, Dr. Cigarroa.  Waleed Hassanein, TransMedics. 

We respectfully see it slightly different. When we talk about cold ischemic time, we 

16 talk about the absolute cold ischemic time that occurs pre-OCS perfusion and post-OCS 

17 perfusion, which is the instrumentation period and the reimplantation time. In between is 

18 the perfusion, OCS perfusion.  We don't consider this ischemic time because there's active 

19 perfusion of oxygenated blood into the heart.  Whether or not the lactate will rise, it could 

signify a preexisting injury and release of lactate from an injured myocardium.  So it's not 

21 necessarily a new ischemic injury on OCS, and that's why I said the lactate has to be 

22 interpreted carefully, making sure that the aortic pressure and coronary flows are 

23 normalized before we really assess the lactate. So that's how we see that. 

24 And when we talk about the total cross-clamp time, it includes all three windows, all 

three periods, from the minute the aortic cross-clamp is in the donor until aortic cross-
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1 clamp is released in the recipient. 

2 DR. CIGARROA:  Okay, so you are assuming that effective coronary blood flow and 

3 aortic pressures are equivalent to no ongoing ischemia, as opposed to complete 

4 normalization of lactate, is that correct? 

DR. HASSANEIN: I'm sorry, Dr. Cigarroa, can you repeat the question? 

6 DR. CIGARROA:  So your definition of an absence of ischemia during the period that 

7 the donor heart is on OCS is defined by the aortic pressure and coronary blood flow, not 

8 necessarily ongoing lactate production. 

9 DR. HASSANEIN:  Thank you for the question.  In a simplistic fashion, yes.  And as I 

described, however, your point about lactate rising is a valid clinical point. However, I'm 

11 addressing that by saying a rising lactate on the OCS may not necessarily mean an active 

12 ischemic injury that's occurring right at the moment. It could be a reflection of a previous 

13 ischemic damage and this is the reperfusion part of it, of releasing lactate.  So yes, in a 

14 simplistic fashion, we are saying that given that aortic pressure and flows are adjusted and 

normalized to near-physiologic levels, that that should limit the ischemic injury on the 

16 donor heart. 

17 DR. LANGE:  Great. And so I'm going to -- Joaquin, I'm sorry. 

18 Dr. Kwon, did I miss your hand, as well? 

19 DR. KWON:  Yes. 

DR. LANGE:  Okay.  So Joaquin, one quick question.   And Dr. Kwon, then to you and 

21 then we'll take a break. So a quick question. 

22 DR. CIGARROA:  Thank you, Dr. Lange. 

23 One more question. Do you plan on utilizing any parameters of myocardial function 

24 such as strain, as opposed to ejection fraction in your post-approval study? 

DR. HASSANEIN: For post-transplant, post-transplant assessment, we have not 
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1 looked into that in detail yet, Dr. Cigarroa, but I appreciate that feedback.  We have not 

2 looked at other than the traditional heart post-transplant assessment, but we would look 

3 into that and we'll review it with our clinical leaders. 

4 DR. LANGE:  Thank you. 

DR. CIGARROA:  Thank you. 

6 DR. LANGE: And I'm sorry.  And the last question, Dr. Kwon. 

7 DR. KWON: Thank you.  Thank you, Dr. Hassanein and your colleagues, for a very 

8 nice presentation.  I just want to ask a couple questions. 

9 One is about the 16% non-utilization rate in your EXPAND plus CAP group and your 

quotation that many of these hearts may not "have been suitable for OHT."  And I think just 

11 knowing the resource and cost of these, of a dry run and this technology in particular, what 

12 are you doing to kind of limit this group? 

13 And I want to mirror the comment that was made previously, is that although you 

14 have things like aortic pressures and coronary flows, in a nonfunctional model the clinical 

assessment is going to be heavily skewed towards the one objective marker you have, 

16 which is the lactate, and so how are you going to limit this as you leave the confines of a 

17 trial to prevent sort of the indication creep we see in other technologies and just leading to 

18 a blowup of cost and resources in donor selection moving forward? 

19 DR. HASSANEIN:  Thank you, Dr. Kwon.  Waleed Hassanein from TransMedics. 

So the 16% turndown rate, our position on them is the reason why we made the 

21 conclusion that they probably would have not been transplanted is this even higher rate of 

22 match run refusals of 72 and the fact that they have multiple risk factors. 

23 Let me address your question specifically about the dry run and the cost of dry run. 

24 We believe that an 84% utilization rate is a very high utilization rate from this donor cohort. 

It is not the topic of this PMA, but this utilization rate of DCD hearts at 90-91%, we believe 
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1 it's a huge win for cardiac transplantation. To defray the cost of the dry run, TransMedics 

2 has worked with our users to make sure that we are investing in the program right beside 

3 them to make sure that we're not escalating the cost of the procedure.  But as you know, 

4 and many of the heart transplant experts in this esteemed panel know, dry runs are the 

nature -- are existing in organ transplant and they're covered by commercial and CMS 

6 payers, but I know this is not the purpose of this meeting, but --

7 DR. LANGE:  Dr. Hassanein, I'm sorry.  The question he asked is how are you -- are 

8 you doing anything currently to limit the group that isn't being used?  A yes or no. 

9 DR. HASSANEIN: We're obviously working hard and making sure that people are 

sticking to -- adhering to the criteria and that's the best we can do at the moment. But 

11 we're actually seeing utilization rates actually improving even when we go to the DCD, to --

12 you know, close to 90-91%. So we hope to continue to see that trend progress and I hope 

13 that the concern raised that as you increase the deployment of the OCS, it's not going to 

14 result in -- it's not going to backfire. A testament to that is the DCD, we're going to 25 

institutions and the utilization rate is even higher from a much different, much more riskier 

16 donor pool of DCD.  So we hope that that trend continues even in the postmarket setting 

17 with the OCS. 

18 DR. LANGE: We'll have additional time in the future. Before we close, I've got six 

19 things again to check on, Dr. Hassanein.  One is the outcome of individuals that had greater 

than 4-hour time to perfusion and also risk factors, how those individuals fared compared 

21 to others.  How many centers actually refused hearts, not just an aggregate.  Again, the 

22 total cross-clamp time and its relationship to outcome.  Distances traveled for these 

23 individuals that received OCS.  And the analysis of the PROCEED patients who would have 

24 met EXPAND criteria and their long-term outcome.  And then you're going to see if there 

was any device malformation or issues related to cannulation failure. 
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1 DR. HASSANEIN:  Um-hum. 

2 DR. LANGE:  So thank you very much for your --

3 DR. HASSANEIN: Thank you. 

4 DR. LANGE: -- presentation, and your response to the question and the great 

questions.  We're going to take a 10-minute break and we're going to convene promptly at 

6 9:30. 

7 DR. HASSANEIN: Thank you. 

8 DR. LANGE: So if you want to turn your video off, feel free to do so and we'll 

9 reconvene in 10 minutes. Thank you. 

(Off the record at 11:26 a.m.) 

11 (On the record at 11:37 a.m.) 

12 DR. LANGE: Good, I'll ask the Panel members to resume their video. It's now 11:30 

13 and I'd like to call the meeting back to order. 

14 The FDA will now give their presentation, and I would like to remind the public 

observers at this meeting that while the meeting is open for public observation, public 

16 attendees may not participate except by specific request of the Panel Chair. 

17 The FDA will also have 90 minutes to present and I'll ask the FDA to now begin their 

18 presentation.  Thank you. 

19 DR. WENTZ:  Good morning, my name is Catherine Wentz and I will be starting off 

the FDA presentation of the TransMedics Organ Care Heart System.  

21 I would like to recognize the team of FDA reviewers across several disciplines who 

22 helped with the review of this PMA. 

23 The FDA presenters this morning will include myself, Dr. Xuan Ye, Dr. John Sapirstein, 

24 Dr. Andrew Farb, and Fernando Aguel.  The material each will be presenting is shown on 

this slide. 
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1 TransMedics has already presented a detailed device description, so FDA will not 

2 present any additional device description information. 

3 The proposed indications for use statement, as you see here, reflect a set of 

4 conditions that the Sponsor feels defines a donor heart that would generally not be 

accepted for transplant.  FDA notes several challenges with this set of conditions, including 

6 inherent subjectivity in determining whether the heart meets several of the criteria --

7 examples are highlighted on this slide -- and FDA also believes that these characteristics 

8 define donor hearts that may significantly overlap with hearts that are currently accepted 

9 for standard of care preservation and transplant. 

The clinical history of the OCS Heart System includes two clinical studies that will be 

11 discussed today.  The PROCEED II clinical study was a randomized controlled clinical trial 

12 conducted between 2009 and 2013 using standard criteria donor hearts.  Donor hearts were 

13 randomized 1:1 to preservation with the OCS Heart System or standard of care using cold 

14 static preservation.  A reasonable assurance of safety and effectiveness for standard criteria 

donor hearts was not determined. 

16 EXPAND was a single-arm study conducted between 2015 and 2018 with donor 

17 hearts that the Sponsor defined as not meeting standard heart criteria. The clinical study 

18 protocol for EXPAND was submitted to FDA 6 months prior to the submission of the PMA 

19 for PROCEED II, therefore with a presumption of approval for the PROCEED II PMA for 

standard hearts.  The Sponsor designed the EXPAND clinical study to leverage the results of 

21 PROCEED II and allow for an expanded indication for use in nonstandard criteria donor 

22 hearts. 

23 An EXPAND continued access protocol was approved in 2019 to permit continued 

24 use of the OCS Heart System while the PMA was under review. While the CAP study is 

intended to be an extension of the original EXPAND study, the Sponsor did modify some of 
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1 the recipient and donor heart inclusion criteria. Additionally, site selection for the CAP 

2 study included the high performing sites from EXPAND, and 59% of CAP subject enrollment 

3 was at a single site. 

4 The original EXPAND IDE application included some device design modifications as 

compared to the device used in the PROCEED II clinical study, which the Sponsor stated 

6 reflected minor design changes.  These design changes included changing the oxygenator to 

7 one with an integrated heat exchanger, and the addition of a second compliance chamber 

8 and one-way valve in the circuit tubing after animal studies suggested a more physiologic 

9 waveform and improved profusion and lactate uptake which appeared to also reduce heart 

weight gain.  The second compliance chamber was later removed shortly after initial 

11 enrollment into EXPAND. 

12 There were a few device design changes that occurred over the early course of the 

13 EXPAND clinical study. Before any subjects were enrolled, the Sponsor replaced an off-the-

14 shelf infusion pump with a TransMedics designed solution delivery system to perform the 

solution delivery functions and support a new automatic aortic pressure mode.  Following 

16 six OCS-supported hearts, the Sponsor removed the second compliance chamber. Following 

17 OCS support for 17 donor hearts, the Sponsor made a software change to increase the 

18 upper specification limit for aortic pressure from 80 to 100 mm/Hg.  FDA does not believe 

19 these changes affected the poolability of the data submitted in support of the device 

proposed for marketing. 

21 I would like to preface the next couple of slides related to clinical protocol changes 

22 and FDA study design considerations by stating that in 2012, Congress revised Section 

23 520(g) of the Food, Drug, and Cosmetic Act as quoted on this slide. In effect, this revision 

24 indicated that grounds for disapproving a clinical study or protocol change would primarily 

need to be directly associated with patient safety.  Clinical study design concerns not 
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1 directly related to patient safety are to be communicated to the Sponsor as study design 

2 considerations and future concerns, usually as an enclosure to the IDE letter. 

3 While FDA strongly recommends that the study design considerations be addressed 

4 in a timely manner to improve the scientific validity of a dataset that will be utilized to 

support a marketing application, the revised Section 520(g) does not require the IDE 

6 sponsor to respond to the study design considerations, and the sponsor can complete their 

7 study without implementing any of the recommendations. 

8 Over the course of the EXPAND study there were two important protocol changes 

9 that led to updated clinical protocol versions.  Following nine transplanted subjects, 

protocol version 1.3 was implemented, which revised the upper specification limits for 

11 aortic pressure from 80 to 100 mm/Hg and coronary flow from 800 to 900 mL/min. 

12 Forty-one more subjects were transplanted when protocol version 1.4 was 

13 approved. Protocol version 1.4 requested an increase in sample size of 20 subjects from 55 

14 to 75, and also included statistical plan modifications and definition changes with some 

examples shown on this slide. 

16 At the time that TransMedics submitted these protocol changes, 48 subjects had 

17 already been transplanted and a large percentage of the results were available. For 

18 example, 46 subjects had 30-day endpoint data.  There were at least six deaths, three of 

19 them primary endpoint failures. There were at least seven subjects with severe primary 

graft dysfunction or PGD classification reported by the sites, which were also primary 

21 endpoint failures, and there was one subject who, on postoperative Day 6, suffered a loss of 

22 allograft with an OCS-supported heart and was therefore retransplanted off-study with a 

23 standard of care donor heart. 

24 While FDA approved protocol 1.4, we remind you that FDA was unable to disapprove 

the proposed protocol changes due to the revisions made to Section 520(g) of the Act. 
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1 FDA would also like to note that shortly after the introduction of protocol version 

2 1.4, Site Number 2, contributing seven transplanted subjects to the EXPAND study, wrote a 

3 letter to FDA stating that an iPad application which was used by investigators for organ 

4 management contained information not available in the clinical protocol or instructions for 

use.  An example includes a contraindication present in the iPad but not in the other 

6 documents. 

7 After almost a year of communication between the site and TransMedics in an 

8 attempt to reconcile the document discrepancies and have the Sponsor obtain FDA 

9 approval for the differences, Site Number 2 terminated IRB approval citing concerns over 

unresolved important study discrepancies that "impacted study merit."  This raises 

11 questions as to whether the same set of inclusion/exclusion criteria are being used 

12 consistently at all sites. 

13 This slide will touch on the some of the study design considerations mentioned on 

14 slide 9 that were communicated to TransMedics early and that the FDA believed would 

improve the scientific validity of a dataset that would be used to support a marketing 

16 application. 

17 There were 27 study design considerations and two future concerns that the Agency 

18 communicated to TransMedics but that the Sponsor chose not to implement into their 

19 clinical protocol.  Some of the major concerns FDA identified from the beginning of the 

study are included on this slide. 

21 First, FDA recommended that EXPAND be carried out as a nonrandomized concurrent 

22 controlled investigation in order to provide a better understanding of device performance. 

23 The Sponsor did not propose a statistically driven safety endpoint with a pre-

24 specified definition of success for the EXPAND study.  This is challenging, especially since 

FDA had not determined a reasonable assurance of safety from the PROCEED II, and 
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1 EXPAND had no control arm for comparison. 

2 The primary effectiveness endpoint was based on a 24-hour assessment of severe 

3 primary graft dysfunction and primary graft survival at 30 days. FDA had recommended 

4 that both moderate and severe PGD be captured for the primary endpoint since capturing 

all PGD grades is relevant to the understanding of the OCS Heart device's effect on patients' 

6 short and long-term outcomes and therefore the overall benefit-risk analysis. 

7 And lastly, FDA has been consistent in our recommendation of the use of the ITT or 

8 modified ITT patient population as the primary analysis population in both PROCEED II and 

9 EXPAND clinical studies.  The transplanted recipient population, which TransMedics used as 

the primary analysis population in the EXPAND study, ultimately excluded 22 subjects from 

11 important analyses including short and long-term survival. 

12 The Agency believes that the intent-to-treat population is the most appropriate 

13 evaluable population, as it is necessary to include all eligible donor hearts in an 

14 effectiveness analysis.  This type of analysis is needed to understand the clinical impact of 

the use of the OCS Heart System. For example, donor hearts and the survival rates have 

16 steadily increased over time, as shown here, in the 2019 Scientific Registry of Transplant 

17 Recipients' annual report, just published a few weeks ago. 

18 Acknowledging overlap between extended and standard criteria donor heart 

19 definitions for the PROCEED II and EXPAND studies, as well as the high turndown rate for 

donor hearts supported on the OCS Heart System, the public health concern in question is 

21 the effect the OCS Heart System will have on the pool of transplantable donor hearts and 

22 ultimately, the long-term survival for transplant recipients. 

23 In vitro studies performed with OCS Heart System included testing in all of the 

24 categories identified on this slide. All testing was considered acceptable with the exception 

of cybersecurity, which the FDA and the Sponsor continue to work through. 
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1 The Sponsor did not perform comprehensive animal studies that evaluated the final 

2 device design in a clinically relevant setting. The animal studies submitted in this PMA to 

3 support the final design of the OCS Heart System provided limited information on a non-

4 controlled, non-GLP study on N = 2 ex vivo porcine hearts.  While physiologic parameters 

were monitored for these two hearts during the study, histologic evaluation or other 

6 assessments of tissue viability or injury were not provided. One of the notable findings 

7 from the study was an increase in heart weight of 20% or more as shown in the table on this 

8 slide, which is consistent with tissue edema.  Had there been a control or had there been a 

9 histologic evaluation, we may have been able to compare and assess the possibility of tissue 

injury due to the device. 

11 The Sponsor also performed several other small animal studies under the previous 

12 PROCEED II PMA and EXPAND IDE clinical study largely centered on evaluating device design 

13 changes. FDA does not believe that these previous animal studies are applicable to the 

14 current OCS Heart System design or function and they were not designed to address 

fundamental safety and effectiveness questions. 

16 One study performed on two ex vivo hearts followed the removal of the second 

17 compliance chamber.  If you remember, this compliance chamber was added to the OCS 

18 Heart System after animal studies suggested several advantages, including improved 

19 profusion and reduced heart weight gain. However, following this animal study evaluating 

the design change to remove the compliance chamber, results indicated heart weight gains 

21 of 19 and 21%. This finding may be important once our presentation turns to the pathology 

22 of the turned-down hearts and the edema noted in many of the pathology reports. 

23 So to sum up the animal studies for the present PMA, animal studies were limited in 

24 scope and number and importantly, did not include myocardial histologic analysis.  Due to 

these limitations and the concerns FDA has about the possibility of myocardial damage by 
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1 the OCS System, FDA believes that the animal testing leaves several important questions of 

2 safety and performance unanswered for the current PMA. Well-designed and executed 

3 animal studies evaluating hearts supported with the OCS System compared to a standard of 

4 care static cold storage heart could provide valuable insights into myocardial preservation 

and injury patterns between these two strategies. 

6 As the presentation moves forward, I would like to recognize some key issues that 

7 FDA has identified during our review of the OCS Heart System. Specifically, the 

8 presentations that follow will cover issues related to concerns with the study designs in 

9 both the PROCEED II and EXPAND studies; study conduct issues, including late adjudicated 

changes to investigators' assigned primary endpoint classifications for primary graft 

11 dysfunction and modifications to the donor heart inclusion criteria met for the study which 

12 were revised after data lock and FDA review; the possibility of substantial overlap between 

13 the definitions for standard and extended criteria donor hearts enrolled in both studies; 

14 whether lactate can confidently be relied upon as a metric to determine the transplant-

ability of a donor heart post perfusion; the survival curves, both short and long-term for the 

16 PROCEED II an d EXPAND studies; the possibility of organ or tissue injury by the OCS Heart 

17 device; and ultimately, the public health concern regarding the impact the OCS Heart 

18 System will have on the pool of transplantable donor hearts and long-term survival for 

19 transplant recipients. 

With this, I would like to introduce Dr. Xuan Ye, who will be presenting the statistical 

21 analyses for both the PROCEED II and EXPAND clinical studies. 

22 DR. YE: Good morning, my name is Xuan Ye.  I'm a statistical reviewer for OCS Heart 

23 System submission. I will discuss the clinical data sources used in this PMA submission and 

24 the Agency's predictive analysis based on survival models. 

There are three data sources used to support the PMA application: PROCEED II, 
Free State Reporting, Inc. 

1378 Cape Saint Claire Road 
Annapolis, MD 21409 

(410) 974-0947 



 
 

 
  

  
 

 
    

       

       

     

      

       

  

    

  

     

       

    

      

      

      

     

      

    

      

    

  

        

      

        

      

5

10

15

20

25

82 

1 EXPAND, and EXPAND CAP. 

2 PROCEED II was a prospective, multicenter, randomized controlled clinical trial.  It 

3 compared OCS Heart devices in a test group versus the cold storage standard of care, which 

4 is the control group.  The donor hearts were standard criteria donor hearts.  The planned 

sample size was 128 recipient patients with 1:1 randomization.  There were 12 enrolling 

6 sites.  A reasonable assurance of safety and effectiveness for standard criteria donor hearts 

7 was not determined. 

8 The PROCEED II primary effectiveness endpoint was defined as 30-day patient 

9 survival following transplantation with the originally transplanted donor heart and no 

mechanical circulatory assist device at Day 30. The hypothesis test for this endpoint was a 

11 non-inferiority test with non-inferiority margins set at 10%; πOCS and πSOC are the 

12 respective proportions of subjects surviving at Day 30, as defined above.  The pre-specified 

13 statistical test method is a normal approximation test with a one-sided alpha level at 0.05. 

14 The PROCEED II safety endpoint was the incidence of CEC-adjudicated cardiac related 

serious adverse events up to 30 days following transplantation. The hypothesis test for this 

16 endpoint was a non-inferiority test with non-inferiority margin set at 10%.  The statistical 

17 test method is a normal approximation test with a one-sided alpha level at 0.05. PROCEED 

18 II met its 30-day primary effectiveness and safety endpoints. 

19 Although both FDA and the Sponsor recognized the importance of 30-day outcomes, 

longer-term results are critical in the overall assessment of device effectiveness and the 

21 benefit-risk. 

22 This figure shows Kaplan-Meier survival curves of the PROCEED II trial. The upper 

23 curve, estimated survival for standard of care group; the lower curve is the estimated 

24 survival for the OCS Heart group; and the shaded area represents 95% confidence intervals. 

The curves start to separate at the beginning of the trial and continue this pattern over the 
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1 long term with a survival difference in favor of the standard of care group.  Further details 

2 of this analysis will be discussed by Dr. Sapirstein. 

3 EXPAND is a prospective, multicenter, single-arm study evaluating extended criteria 

4 donor hearts perfused with the OCS Heart System. The planned sample size was 75 

transplanted heart recipients with the OCS-preserved hearts.  There were 12 activated sites. 

6 The primary effectiveness endpoint is a composite of patient survival at the Day 30 

7 post-transplant and freedom from severe PGD-LV or PGD-RV primary graft dysfunction.  The 

8 hypothesis test is a single proportion test with a performance score of 65%, where π is the 

9 true proportion of all transplanted recipients' survival at Day 30, as defined above.  The pre-

specified statistical test method is exact binomial test with one-sided alpha level at 0.05. 

11 The safety endpoint was incidence of heart graft-related serious adverse events in 

12 the first 30 days post-transplantation.  Serious adverse events are defined as moderate or 

13 severe PGD-LV or PGD-RV or graft failure leading to retransplantation.  Note that no 

14 hypothesis testing was pre-specified for this endpoint. 

EXPAND CAP is a continued access protocol of EXPAND approved for up to 75 donor 

16 hearts in February of 2019, while the current PMA was under review.  Donor heart 

17 enrollment aligned with extended heart criteria defined in EXPAND. 

18 The PROCEED II trial raised concerns about long-term survival probabilities among 

19 patients receiving hearts preserved with the OCS Heart device.  In the EXPAND study there 

are limited survival data available beyond 2 years.  From Kaplan-Meier analysis, one can 

21 estimate the survival probabilities for up to 3 years to gain insights into longer terms of --

22 FDA built parametric models using available EXPAND data to predict the 4-year and 5-year 

23 survival post-transplantation. 

24 This figure shows the EXPAND study Kaplan-Meier survival curve which was based on 

the most recent dataset from February 2020.  The protocol sample size is 75 OCS Heart 
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1 recipients. From this analysis, we can estimate the survival probabilities up to 3 years. We 

2 may then apply parametric models to extrapolate longer-term survival probabilities. 

3 To extrapolate longer-term survival estimates, we first looked at the estimated 

4 hazard function.  As illustrated in this figure, the hazard function changes over the post-

transplantation time.  Specifically, the hazard function initially decreases and then 

6 increases. In addition, as the hazard function approaches the end of the time period, wider 

7 confidence limits are seen, meaning that there's greater uncertainty in hazard estimation to 

8 increased paucity of data points. 

9 We applied two parametric models for extrapolation.  The first is an exponential 

model which assumes a constant hazard rate. The second is a piecewise exponential model 

11 which assumes that the hazard rate is constant within specified time intervals and may be 

12 different across intervals. We estimated the hazard rate for each interval and utilized those 

13 to estimate longer-term survival rate. 

14 Based on the fitted model, this figure shows the Kaplan-Meier survival curve and the 

remodel curves. The blue line is the EXPAND Kaplan-Meier curve.  The orange line is 

16 exponential model curve and the red line is the piecewise exponential model curve.  As 

17 expected, the piecewise exponential curve is a better -- constant hazard function. From the 

18 fitted models, we can predict longer-term survival probabilities and construct predicted 

19 intervals. 

Please note that survival prediction for 4-year and 5-year has large uncertainty, 

21 which is reflected in the wide predictive intervals. The true uncertainty may go beyond the 

22 range if the model is not correct. 

23 Please note that the survival prediction is limited by the strong model assumptions 

24 and data availability. The prediction for longer-term survival has large variabilities. 

That concludes my presentation.  I now give the podium to Dr. Sapirstein. 
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1 DR. SAPIRSTEIN:  Good morning, I'm John Sapirstein.  I'm a cardio-thoracic surgeon in 

2 the Office of Cardiovascular Devices and I'm going to present a summary of FDA's clinical 

3 review of the TransMedics Organ Care Heart System. 

4 I'm going to begin by giving some background on why FDA will be focusing on both 

the PROCEED II and EXPAND clinical studies.  PROCEED II was an evaluation of donor hearts 

6 broadly and FDA had comprehensively reviewed the data previously.  However, that 

7 marketing application did not lead to our determination of a reasonable assurance of safety 

8 and effectiveness. 

9 EXPAND evaluated donor hearts generally considered to be extended criteria, as 

defined by the Sponsor.  This is the subject of the current PMA.  FDA also received, in the 

11 latter part of 2020, supplemental data from a continued access protocol to EXPAND and we 

12 will be discussing those data, as well, and then review the IDE protocols and how the trials 

13 are executed, and discuss the limitations FDA identified in both the IDE process and during 

14 the PMA reviews.  We'll then discuss the results of those trials, the effectiveness endpoints, 

key secondary endpoints and importantly, some adjunctive and post hoc analyses which 

16 FDA believes are crucial to evaluation of safety and effectiveness. 

17 The primary objective for PROCEED II was to compare OCS preservation with the 

18 existing standard of care, cold static cardioplegia preservation.  It was not explicitly limited 

19 to so-called "standard criteria" donor organs nor was it designed to show superiority of the 

OCS Heart System to the standard of care preservation technique. 

21 EXPAND evaluated the safety and effectiveness of the system's ability to improve the 

22 utilization of donor hearts. It was limited to certain donor organs, specifically to extended 

23 or expanded criteria donor hearts, as defined by the Sponsor. It was not principally 

24 designed to assess the longer-term benefit-risk to patients after they received these donor 

organs. 
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1 The intended use of the OCS Heart System, as presented in the EXPAND IDE 

2 submission to FDA, was to assess certain hearts that do not meet standard acceptance 

3 criteria for transplantation. We believe that PROCEED II and EXPAND are both important to 

4 inform the assessment of the device's ability to do this. 

So let's start with PROCEED II.  PROCEED II was a randomized, multicenter study with 

6 1:1 randomization of the device to standard of care. Because of the known and accepted 

7 complexities of organ procurement and transplantation, the study was necessarily 

8 unblinded. Importantly, randomization occurred prior to enrollment and enrollment 

9 occurred after the final in-chest acceptance of a donor organ. Thus, the randomization arm 

in this study was known prior to organ procurement.  The study was testing for non-

11 inferiority, not superiority, to the standard of care despite this being a first-of-a-kind device. 

12 Effectiveness endpoints for PROCEED II are seen here. The primary study endpoint 

13 was a composite of patient and graft survival at 30 days in the absence of being on 

14 mechanical circulatory support, or MCS, at Day 30. The non-inferiority margin was 10%, 

secondary endpoints were moderate or severe acute rejection, as demonstrated by biopsy 

16 or clinical presentation, and the length of initial ICU stay after transplantation was also an 

17 endpoint. 

18 There was a single secondary endpoint for safety, which was the incidence of clinical 

19 events committee adjudicated cardiac related serious adverse events occurring within 30 

days of the transplantation.  This, too, was a non-inferiority analysis. The cardiac event 

21 components of this composite are listed here. I will point out that this list was substantially 

22 wider at the beginning of the trial.  The Sponsor, with its clinical events committee and 

23 steering committee, pared down the components of cardiac related serious adverse events 

24 during the trial without apprising FDA of that change. 

FDA requested other effective measures for PROCEED II.  We were interested in 
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1 longer-term survival and we will be showing those Kaplan-Meier analyses to you.  These 

2 data were gotten from the Scientific Registry of Transplant Recipients, also called the SRTR, 

3 it's a government-funded database for all transplant recipients that is well established and 

4 recognized as being very robust. 

We also asked for several post hoc analyses.  We wanted to compare the survival of 

6 the PROCEED II subjects to the American transplantation experience as a whole based on 

7 the SRTR's annual data reports, the most recent of which was just published several weeks 

8 ago.  This data report covers all waiting list subjects and transplant recipients in the United 

9 States. We also evaluated donor organs turned down after preservation, which we'll be 

discussing later. This included sensitivity analyses for the primary study endpoint, as well as 

11 a detailed pathologic review of the turned-down donor organs. 

12 So here are the inclusion/exclusion criteria for the recipients in PROCEED II.  I'll point 

13 out again that giving informed consent for participation was not the same as being enrolled.  

14 In red, those arrows, you see that two exclusion criteria were changed during the course of 

the trial; concurrent renal transplantation, which was changed to be allowed, and the 

16 number of prior sternotmies that a subject could have had prior to enrolling in the study, 

17 which was decreased. 

18 On the donor side, the inclusion criteria are listed here and they're fairly 

19 uncontroversial for a potential donor heart.  There were four analysis populations pre-

specified for the recipients and one for the donor.  The donor population is called OCS 

21 Heart, was all donor organs that were instrumented onto and then preserved and 

22 transported with the OCS Heart System. Recipients, I'll point out that the population the 

23 Sponsor chose for the primary analysis was per protocol.  FDA, however, had recommended 

24 that the primary analysis be performed using the intention-to-treat protocol, or ITT. 

The reason for this is that FDA believes the intention-to-treat analysis better 
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1 maintains the benefits from randomization of the trial. It accounts for screen failures that 

2 might occur after randomization, it accounts more fully for crossovers of preservation 

3 approach, and it more fully incorporates the possibility that one arm of the study, the 

4 treatment arm, would in all likelihood be more susceptible to clinician decisions not to 

proceed with the transplantation after preservation of the donor organ.  This functionally, 

6 then, could work as an additional screening opportunity applied preferentially to the 

7 enrolled treatment arm subject donor organ after they had been included in intention-to-

8 treat. 

9 PROCEED II's intention-to-treat population is, in fact, perhaps better characterized as 

a modified intention-to-treat population with treatment best described as this full 

11 continuum from procurement followed by preservation, and then ultimately to execution of 

12 the transplant procedure. 

13 In terms of enrollment in PROCEED II, there were 143 recipients that were enrolled 

14 and randomized between 2009 and 2013.  There were 12 sites in total, eight of which were 

in the United States, and the U.S. sites contributed 91% of the study subjects overall. The 

16 highest enrolling centers each contributed approximately 30% of the overall population. 

17 FDA had recommended that no more than 20% of the population be enrolled at a single 

18 site. 

19 There were post-enrollment screen failures and withdrawals, 12% of the OCS arm, 

9% of the standard of care arm, with screen failures or withdrawals. There was crossover; 

21 7% of the donor organs crossed over from the treatment arm to the control arm, 1% went 

22 from the control arm to the treatment arm.  And then ultimately, 7% of the OCS Heart 

23 population was turned down by clinicians at the end of the preservation. 

24 So let's walk through that a little bit more here.  In dark blue are the defined analysis 

populations in the study, 74 subjects were enrolled into the treatment arm, OCS; 69 were 
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1 enrolled into the control arm of standard of care. 

2 As we add in specific details of how patients navigated through the analysis 

3 populations, and this admittedly complicated slide is in FDA's Executive Summary, we can 

4 see that post-enrollment screen failures and withdrawals were more frequent in the OCS 

arm of the study, 9 of 74 subjects (12%) than in the control arm, 6 of 69 subjects (9%).  

6 Similarly, post-enrollment crossover was more frequent from the OCS arm, 5 of 74 or 7%, 

7 than it was from standard of care arm, which there was just one subject who crossed over. 

8 On the donor side we can see that there were 77 hearts accepted after in-chest assessment 

9 for device preservation versus 64 accepted for cold static preservation. 

Post-enrollment preservation crossovers occurred in five of the 77 OCS-assigned 

11 hearts.  Again, that's 7%. You can see highlighted on this slide the reasons for those 

12 crossovers.  The one standard of care to OCS crossover was due to a misread of the 

13 randomization card. And while there were no turndowns, as is typical after standard of 

14 care preservation, 5 of the 67 OCS Heart donors (7%) were turned down after preservation 

with the device and not used for transplantation. 

16 Demographics of the recipients are shown here. Overall, between the two arms, 

17 recipients were clinically similar. The standard of care of arm did, though, have a high 

18 proportion of female recipients and there was a high proportion of blood type O recipients 

19 in the OCS arm.  Prior sensitization was low, as expected, in both arms of the study. 

The use of mechanical circulatory support prior to receiving an organ in the trial was 

21 similar in both arms, approximately 30% of those subjects. And while the similarity held for 

22 the use of chronic mechanical support, such as a VAD as well, the duration of that pre-

23 transplantation VAD use was longer in the standard of care arm.  However, the use of more 

24 acute mechanical circulatory support, particularly intra-aortic balloon pumps, was higher in 

the control arm (standard of care) than in the OCS treatment arm, which had no subjects on 
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1 a balloon pump preoperatively.  And so this does raise for FDA some uncertainty about the 

2 degree to which subjects in the two arms had equivalent clinical hemodynamic status prior 

3 to the transplantations. 

4 In terms of the donor organ demographics in PROCEED, we can see that only one 

organ in the study had an ejection fraction less than 50%, this happened to have been in the 

6 standard of care arm. There were similar unexpected rates for cause of donor death in both 

7 arms, but I'll point out that 25% of all those deaths were associated with cardiac arrest. 

8 Data for downtime before resuscitation and return to circulation was not collected in 

9 PROCEED II, whereas in EXPAND, which we'll be discussing later, the presence of reported 

downtime greater than or equal to 20 minutes was a specific inclusion criterion for the 

11 donor organ into that study. 

12 Looking at preservation times in the two arms, it's important to recognize that the 

13 use of this device does not obviate the need for cold ischemia, the average being 

14 approximately 1.9 hours in the treatment arm. But the overall cold ischemic time was 

substantially longer in standard of care hearts, nearly one and a half hours longer, than in 

16 OCS hearts, as one would expect. 

17 The cross-clamp or a total so-called out-of-body time was about 2 hours longer for 

18 device-preserved donor organs, that's a 65% increase in out-of-body time in the treatment 

19 arm. 

Now, since reperfusion ischemia required to instrument the donor organ onto the 

21 OCS device before perfusion was typically 30 minutes in length, it becomes fairly clear that 

22 the main driver for out-of-body times being so much longer in OCS than standard of care is 

23 that the time spent on device perfusion was rather extended comparatively. Indeed, 

24 perfusion time alone was roughly equivalent to the entire cross-clamp time of standard of 

care organs. This is somewhat surprising given that PROCEED II, this trial, was randomized 
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1 and preservation times should therefore have been similar in the two arms other than the 

2 time needed for instrumentation and then re-arrest with cardioplegia after device 

3 perfusion. 

4 Let me discuss a little bit more about the cardioplegia.  Because FDA has required for 

PROCEED II that no unapproved cardioplegia solutions be used with the device, most of the 

6 OCS hearts, 80% of them, achieved cardioplegic arrest with one specific so-called 

7 extracellular solution, histidine-tryptophan-ketoglutarate, HTK solution.  In contrast, the 

8 majority of standard of care donor hearts did not use the HTK solution. Rather, these 

9 hearts were arrested with a variety of solutions, the most prevalent of which was the 

University of Wisconsin's solution, a so-called intracellular cardioplegia solution. 

11 Because of this heterogeneity that we observed, FDA performed a post hoc covariate 

12 adjustment of the primary study endpoint and we found that the endpoint was, indeed, 

13 sensitive to cardioplegia type.  The adjusted treatment difference went to 23% for the 

14 primary endpoint, greater than the non-inferiority margin of 10%.  Cardioplegia may have 

an impact on the safety and effectiveness profile of the OCS Heart System. I will mention 

16 that with EXPAND, it was a single cardioplegia solution, del Nido solution, which is a 

17 crystalloid blood mixture, that was used in all instances. 

18 So in terms of the primary study endpoint that I just mentioned, patient and graft 

19 survival absent mechanical circulatory support on Day 30.  You can see that statistical non-

inferiority was met in the per-protocol analysis.  The treatment difference was 9.9%, just 

21 below the non-inferiority margin of 10%.  All of the endpoint failures were on the basis of 

22 death.  There were four treatment arm deaths within 30 days versus two deaths in the 

23 standard of care arm. FDA also noted that there were two non-endpoint deaths in the 

24 treatment arm shortly after this 30-day time point. 

Therefore, this 10% non-inferiority margin was being applied to a 30-day mortality 
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1 comparison. And the point estimates of patient and graft survival actually favored standard 

2 of care, as you can see here, 97% versus 93%.  And so superiority was not demonstrated in 

3 PROCEED II. 

4 Non-inferiority was maintained in the modified intent-to-treat population that I 

mentioned before, as well as in the as-treated population.  But because all of the endpoints 

6 were keyed to a fully completed transplantation, none of these analyses fully account for 

7 any impact that might've been caused by donor organs that were not utilized in the study. 

8 And so as you've already seen, 7% of the OCS Heart donor hearts which, of course, could 

9 have been randomized to standard of care, were turned down after device preservation. 

And so to estimate the potential effect on that primary endpoint with these turndowns, had 

11 they actually been transplanted, FDA performed a sensitivity analysis that serially added 

12 these donor organs to either the treatment or the control arm.  And what we found, this is 

13 in the Executive Summary, was that the primary study endpoint was, in fact, very sensitive 

14 to clinicians' decisions about turning down the OCS Heart System organs after preservation. 

Here's a secondary endpoint, initial intensive care unit stay in PROCEED II and non-

16 inferiority was not demonstrated with the result, 47 hours, being greater than the margin of 

17 12 hours.  Overall, ICU stay did become more similar between the arms, though. And the 

18 use of mechanical circulatory support after transplantation was more frequent and it was of 

19 a longer duration in the treatment arm than in subjects who received standard of care 

donor hearts.  And finally, the overall initial hospital stay was longer for recipients of the 

21 OCS donor organs. This longer hospitalization, we believe, is a clinically significant 

22 difference. 

23 Now, secondary endpoints included episodes of acute rejection, non-inferiority was 

24 not demonstrated although the incidence of these events in both arms was fairly low.  

Cardiac graft-related serious adverse events, the safety endpoint for the trial, did 
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1 demonstrate non-inferiority. 

2 Now, in part because of the 30-day mortality differences that we saw, FDA asked for 

3 a longer-term survival analysis for PROCEED II subjects drawing upon the SRTR database. 

4 These data are available only for U.S. subjects, not to the non-U.S. participants. So there 

were 118 of these U.S. subjects, and these U.S. subjects represented 91% of the PROCEED II 

6 modified intent-to-treat population overall.  It was low censoring at 5 years, as you can see, 

7 which speaks to the robustness of the SRTR database. And what we saw was that using an 

8 as-treated analysis, the standard of care subjects had a survival point estimate that was 

9 greater than the OCS Heart recipients at all time points out to 5 years. And you can see a 

hazard ratio for mortality here of 1.9. 

11 And seen graphically, these are the Kaplan-Meier survival curves shown to you by us 

12 previously.  Standard of care is in red, the OCS Heart is in blue, with wider confidence 

13 intervals as censoring increases beyond 5 years. 

14 Now, on the right panel is 1, 3, and 5-year aggregate all-cause mortality of U.S. heart 

transplant recipients stratified by the year in which the transplants took place. This is data 

16 from the most recent, just published SRTR annual report and it updates what we presented 

17 to you in our Executive Summary. Mortality has been gradually decreasing over time, as 

18 you can see. 

19 This blue area I've added represents the time frame during which PROCEED II 

subjects received their transplantations. And understanding that this is a post hoc 

21 comparison, we see that recipient mortality among PROCEED II subjects who received OCS 

22 Heart donor organs has been substantially higher than the contemporaneous results 

23 demonstrated in the SRTR, while PROCEED II standard of care subjects have experienced 

24 mortality rates somewhat lower than what is showing in the SRTR. 

And so based on these two comparators, in other words, the randomized standard of 
Free State Reporting, Inc. 

1378 Cape Saint Claire Road 
Annapolis, MD 21409 

(410) 974-0947 



 
 

 
  

  
 

 
       

  

       

   

      

    

     

  

      

    

  

    

   

    

   

   

        

       

  

          

   

         

       

    

  

5

10

15

20

25

94 

1 care arm from PROCEED II and the contemporaneous SRTR data, we believe that there was, 

2 in fact, a clinically meaningful survival benefit for cold static preservation over use of the 

3 OCS Heart device, and we think that this finding needs to inform the benefit-risk 

4 assessment of the current PMA, the EXPAND PMA. 

And so to summarize our review of PROCEED II, the study had a complex trial design, 

6 which was understandable given the inherent complexities of organ transplantation. 

7 However, the trial may have had some important selection bias involved despite its 

8 randomization. 

9 Using the OCS Heart System was associated with longer preservation times than cold 

static preservation.  The device decreases but does not eliminate cold ischemic time for 

11 donor organs. 

12 PROCEED II showed non-inferiority to standard of care for the 30-day effectiveness 

13 endpoint, but the clinical value of non-inferiority in this case is somewhat uncertain. 

14 After transplant, the need for mechanical circulatory support, the length of initial 

ICU time, and the duration of the index hospitalization, all favored standard of care 

16 preservation over the device. 

17 And 30-day mortality was higher in the recipients of OCS Heart organs than in 

18 standard of care recipients, and the standard of care survival benefit has persisted 

19 throughout long-term follow-up. 

So let's now turn to EXPAND.  This, as you know, is a single-arm study, also 

21 unblinded, also with enrollment occurring after in-chest acceptance of the donor organ 

22 immediately prior to procurement. Testing for EXPAND was against a performance goal. 

23 The Sponsor justified a performance goal as the comparator by indicating that a randomized 

24 comparator was unavailable given the non-standard nature of donor organs that were being 

studied. 
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1 FDA recommended that a nonrandomized concurrent comparator, in other words, 

2 standard of care preservation of nonrandomized donor hearts, would be more appropriate 

3 for the EXPAND trial since the safety and effectiveness inferences for the OCS Heart System 

4 remained unknown to us as the PROCEED II data had not yet been submitted to FDA for 

review. 

6 Nonetheless, a performance goal was adopted by the Sponsor, and FDA accepted the 

7 chosen performance goal metric; in other words, we accepted that patient survival at Day 

8 30 in the absence of ISHLT severe left or right primary graft dysfunction was appropriate. 

9 However, FDA did have concerns about the appropriateness of the value the Sponsor 

assigned to the performance goal, which was 65%. 

11 First, that's because the literature cited by the Sponsor had very heterogeneous 

12 definitions of what actually constituted extended criteria donor organs, and none was 

13 completely consistent with the Sponsor's definition for EXPAND. 

14 Second, the literature the Sponsor cited had heterogeneous definitions of what 

constituted primary graft dysfunction and as the Sponsor correctly noted, each of the 

16 studies used a slightly different definition.  Now, this is because the ISHLT definition used in 

17 EXPAND, which importantly is very specific in delineating the criteria of primary graft 

18 dysfunction, you can see some of the caveats there on the right. 

19 This definition was not promulgated, put out until 2014, and so all of the PGD data, 

all the primary graft dysfunction data that the Sponsor used to support its primary graft 

21 dysfunction-based performance goal value, actually that value predated the ISHLT PGD 

22 rating scheme.  The performance goal was defined despite there being no prior experience 

23 reporting rates of ISHLT-defined primary graft dysfunction. 

24 As previously pointed out, there were no hypotheses for any of the secondary 

endpoints.  These first two here were merely the components of the primary endpoint and 
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1 the third one, a utilization rate, was the proportion of OCS-preserved donor hearts that 

2 were not transplanted or they were turned down after being on the device. 

3 There was a single safety endpoint, the incidence of medical monitor adjudicated 

4 heart graft-related serious adverse events.  Again, there was no hypothesis testing for this, 

although FDA did request a hypothesis-tested safety endpoint be added to EXPAND, again 

6 since a reasonable assurance of safety and effectiveness had not yet been demonstrated for 

7 any use of the device. 

8 Now, heart graft-related serious adverse events, as I mentioned, were adjudicated 

9 but by a single individual, the medical monitor, unlike the clinical events committee that 

was part of PROCEED II.  Heart graft-related serious adverse events were defined to include 

11 primary graft dysfunction.  And so the medical monitor also ended up adjudicating the 

12 study's primary endpoint, as well, since that endpoint depended, in part, on distinguishing 

13 moderate from severe primary graft dysfunction. 

14 It was not FDA's expectation that the primary effectiveness and the safety endpoints 

for a pivotal clinical trial would ultimately be adjudicated by one individual only.  Despite 

16 precise complication of primary graft dysfunction in the ISHLT consensus statements, 

17 investigators' classifications of primary graft dysfunction did not always align with the 

18 medical monitor's classifications and often this was on the basis of a time course of the 

19 ventricular dysfunction. 

Here are some of the additional effectiveness measures that FDA requested and that 

21 we'll be discussing a little bit later. 

22 Now, these are the recipient inclusion and exclusion criteria in EXPAND and if we 

23 compare them to PROCEED II there on the right, we see the selection criteria were actually 

24 quite similar between the two studies except that for PROCEED II, some prior transplants or 

concurrent transplantation was allowed, unlike in EXPAND; while conversely, EXPAND 
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1 allowed for recipient risk factors such as prior sternotomy, ventilator dependence, and 

2 substantial mechanical circulatory support experienced preoperatively that had been 

3 excluded from PROCEED II. 

4 Donor qualifications for acceptance into EXPAND as being extended criteria donor 

hearts are listed here.  The criteria are very numerous and they relate to multiple donor 

6 characteristics. And if we compare these criteria side by side to PROCEED II's, it might at 

7 first seem that the trials used donors that were substantially different from each other but, 

8 in fact, we can see that the criteria do allow for overlap between the two donor 

9 populations.  For example, donor age between 45 and 60 was allowed in both and sufficient 

by itself for enrollment into EXPAND.  Cardiac function based on echocardiography ejection 

11 fraction overlapped. The criterion of left ventricular hypertrophy as measured by left 

12 ventricular wall thickness, while not explicitly overlapping, were extremely close at the low 

13 end of EXPAND's inclusion rings. In fact, the precision of discriminating 1 mm dimensions 

14 on echo is prone to variability. 

An exclusion based on coronary disease was present, appropriately, in both of the 

16 trials.  But investigators in both were allowed to make judgment calls as to whether some 

17 donor organs with coronary artery disease could, in fact, be part of the studies nonetheless. 

18 Reported downtime greater than 20 minutes, this allowed for acceptance into 

19 EXPAND.  Although as I mentioned previously, the duration of downtime, the 25% of the 

donor organs in PROCEED II, was simply unknown. 

21 And finally, the subjective expectation of cross-clamp time, the expectation of cross-

22 clamp time being greater than or equal to 4 hours, which was the most frequently occurring 

23 criterion in EXPAND, was something that may have been associated with an unknown 

24 number of PROCEED II donor organs, as well.  PROCEED II did not prospectively evaluate 

cross-clamp times, estimated or actual. 
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1 So here are the EXPAND analysis populations, there were two.  The OCS Heart 

2 population was the same as for PROCEED II, the only recipient population in EXPAND, 

3 transplanted recipient, was essentially a per-protocol analysis population again. 

4 Enrollment into EXPAND occurred at nine sites in the United States between 2015 

and 2018. One site withdrew from participation.  The highest enrolling site, Site Number 6 

6 in EXPAND, enrolled 39% of the transplanted recipient subjects despite FDA's 

7 recommendation, again, that no single site enroll more than 20% of subjects.  There are no 

8 outcome data for approximately one-quarter of the consented subjects in EXPAND.  Six 

9 percent were withdrawn prior to preservation, one of whom was a crossover to standard of 

care preservation, and 16% were withdrawn after preservation once the donor organs to 

11 which they were matched were turned down for transplantation. 

12 Looking at the patient/donor organ flows, the 100 accepted donor organs are on the 

13 left and on the right are the 96 consented subjects or the ITT population. Again, dark blue 

14 are the protocol-defined analysis populations.  And this is also taken from FDA's Executive 

Summary and shows the reasons and timing for donor and recipient transitions in and out 

16 of the various analysis populations. 

17 Six of 96 subjects (6%) were pre-preservation subject withdrawals. Within that is the 

18 one OCS to cold static preservation crossover subject. Fifteen of 96 subjects were 

19 withdrawn after preservation of the matched donor organ for the reasons that are listed in 

the box there. These subject withdrawals happened as a consequence of 18 OCS hearts; 19 

21 of the group, as a whole, being turned down after preservation. 

22 The key recipient and donor demographics, the majority of donors had normal 

23 cardiac function, not too dissimilar from what was present in PROCEED II.  As compared to 

24 PROCEED II, recipients in EXPAND had higher panel reactive antibodies, although in most 

cases the subjects were not highly sensitized.  There were more patients with diabetes in 
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1 EXPAND and there was a higher rate of preoperative mechanical circulatory support use 

2 among EXPAND's recipients as compared to PROCEED II. 

3 Here's a breakdown of the OCS donor organs and specific combinations of inclusion 

4 criteria that they met.  The ones in green represent counts of donor organs accepted on the 

basis of a single inclusion criterion.  The column on the left is transplanted hearts, while on 

6 the right are hearts turned down after preservation. Expected cross-clamp time greater 

7 than or equal to 4 hours was the most frequently invoked criterion. 

8 As we consider the makeup of the EXPAND organ population, I'll make two 

9 observations. First, the Sponsor did make modifications to 20 of the criteria designations 

after FDA had performed our initial review of the PMA. In all cases, the changes resulted in 

11 additional criteria being added to the donor organs and 17 of those 20 additions changed 

12 donor organs previously characterized as having a single criterion to organs having multiple 

13 criteria. 

14 Now, acceptance of donor hearts into the study as being extended criteria was to 

have been based upon the investigators' interpretation of data that they were aware of at 

16 the time of procurement.  And so it's just unknown if information uncovered through post 

17 hoc data audits but not identified by investigators on the case report forms, it's not known 

18 if this actually informed investigators' decisions as to consider or not a donor organ as 

19 extended criteria. 

And then secondly, regarding the inclusion criteria, certain criteria which are 

21 highlighted here in pink, were used more frequently to label a donor as extended criteria 

22 and these criteria that were more common, can be seen as either being frankly fairly 

23 subjective like the expected cross-clamp time, or prone to considerable intra- and inter-

24 observer variability, like ejection fraction calculations, or limited by reporting difficulties, as 

in the case of downtime estimations. 
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1 And so overall, we believe that there is, in fact, an uncertain degree of overlap 

2 between the nature of donor organs included in EXPAND and those that were included in 

3 PROCEED II. 

4 Now, turning to the details of OCS device preservation, cold ischemic time was about 

1.7 hours, the perfusion time was just over four and a half hours, which was about 1 hour 

6 longer than what was seen in PROCEED II. Transplanted and turned-down hearts had 

7 similar starting lactate levels and the device flow parameters throughout preservation were 

8 also fairly similar. 

9 Lactate trended upwards during preservation, but turned-down donor organs 

showed a greater lactate rise with final mean lactate being 1 -- excuse me, 5.1 mmol/L. 

11 Now, lactate is a key OCS Heart System parameter identified by the Sponsor. In 

12 PROCEED II data, which is shown here, rising perfusate lactate level was a reason for three 

13 of five of the OCS Heart turndowns, and in vivo lactate in one instance was the reason an 

14 investigator chose not to use the OCS Heart device as randomized and instead opted for 

standard of care preservation. The Sponsor's threshold lactate level, as you already know, 

16 is five. 

17 When we looked at the lactate trends in EXPAND, in the top panel here, we noted 

18 similar trends in transplanted and turned-down donor organs, and by that I mean there was 

19 a rise in lactate of similar magnitude over the course of most of the perfusion, though in 

both studies turned-down donor organs, as you can see in these graphs, typically, but not 

21 always, but typically had higher final lactate levels than transplanted organs did. 

22 FDA believes there are limited preclinical or clinical data that can validate lactate 

23 below five as a biomarker of clinical viability or transplantability after isolated heart 

24 perfusion. And of course, there are no comparable lactate data available for donor organs 

that use cold static preservation. 
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1 But there is one subgroup from EXPAND that we believe is quite informative about a 

2 relationship between lactate and the OCS Heart System, those organs that had an 

3 expectation for prolonged cross-clamp time as the only criterion for using the device. This 

4 subgroup accounted for 29% of all accepted donors in the combined EXPAND and EXPAND 

CAP studies. By definition, these hearts then had none of what I would call donor-specific 

6 characteristics rendering them extended criteria. It was only a concern of out-of-body time, 

7 a more logistics-focused issue, if you will, that allowed for them to be considered extended 

8 criteria.  So stated another way, these were functionally, functionally, standard criteria 

9 donor hearts which we know have close to 100% transplantation rates following cold static 

preservation.  The one OCS II standard of care crossover in EXPAND, that I mentioned 

11 earlier, illustrates this fact. That donor organ had been accepted into the study based on 

12 the cross-clamp criterion alone, but it was successfully transplanted after cold static 

13 preservation. 

14 Conversely, 18% of this time-only, if you will, subgroup, 7 of 40, were turned down 

after OCS Heart preservation with all these decisions, based either wholly or mostly upon 

16 clinicians' interpretation of lactate levels. 

17 Now, the Sponsor's inference is that the device unmasked preexisting pathology 

18 and/or poor tolerance for preservation. FDA's inference is somewhat different in that we 

19 do not believe the etiology or significance of the lactate level is certain at this point. While 

we agree that there could be a masking of preexisting pathology, it's also possible that the 

21 device is simply not adequately preventing one ischemia during perfusion as intended. The 

22 device could be causing some other de novo injury to the heart leading to downstream 

23 ischemia and lactate generation, or the device's lactate readings may be signaling donor 

24 pathology that ultimately would've been inconsequential for post-transplantation function 

had the organ been preserved with the standard of care. And Dr. Andrew Farb will be 
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1 discussing the pathology evaluations and lactate levels in just a little bit. 

2 Here is the primary effectiveness endpoint for EXPAND, patient survival without 

3 severe PGD of left or right ventricle.  As you can see, the performance goal was met, the 

4 lower bound of the confidence interval was 78, the performance goal was 65%.  Nine 

effectiveness endpoint failures occurred and they all involved primary graft dysfunction, 

6 while one-third of the severe primary graft dysfunction occurrences caused death within 30 

7 days.  This mortality rate is consistent with literature reports of PGD-associated mortality. 

8 A secondary safety endpoint accounts for three additional episodes of moderate 

9 primary graft dysfunction and moderate primary graft dysfunction is a clinically important 

finding also associated with clinical sequelae.  The utilization rate we already discussed. 

11 These were turndowns of organs, 19%. The other two secondary endpoints are merely the 

12 components of the primary endpoint composite. 

13 Here are the ICU and hospitalization stays in EXPAND, the initial ICU stay was several 

14 days longer than in PROCEED II, while the initial hospitalization was approaching a week 

longer than in PROCEED II. The postoperative use of acute mechanical circulatory support 

16 was twice as common in EXPAND. 

17 Here are waiting list times for heart transplant recipients. On the left are the 

18 transplanted recipients in EXPAND and on the right are the U.S. SRTR data. Compared to 

19 aggregate data, the OCS Heart System was associated with a clinically significant decrease in 

waiting list time. And this is particularly evident for blood type O recipients, a group well 

21 known to experience prolonged wait list times. Once subjects agreed to participate in 

22 EXPAND, the remaining wait time was relatively brief, about a month, as you can see here. 

23 Now, to put this in some context, it's important to understand the current dynamics 

24 of the U.S. donor heart waiting list.  These are the most recent SRTR data representing the 

waiting list in 2019.  At the top is a sort of competing risk outcomes for all subjects on the 
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1 list at any time during the year. Forty-five percent remained on the waiting list at the end 

2 of the year, 3% died, 4% were removed from the list because they were too sick to receive a 

3 transplant. Forty-one percent, though, did receive a donor organ within the year and if you 

4 look at the donor wait list times for the subjects who did, who did get transplanted during 

the year, that's shown here on the bottom.  You can see that nearly half received their 

6 transplant within 1 month of getting on the waiting list. 

7 Here are the survival estimates and confidence intervals for EXPAND subjects after 

8 they were transplanted.  It includes the parametric modeling that Dr. Ye just explained to 

9 you. Also shown are Kaplan-Meier curves for the two arms of PROCEED II.  One-year 

survival estimate in EXPAND, 84%, is essentially equivalent to the treatment arm of 

11 PROCEED II, which is less than the survival in PROCEED II's cold static preservation arm. 

12 Because the donor population in EXPAND was very heterogeneous, we performed 

13 several post hoc analyses to better explore the survival findings. 

14 Our first post hoc analysis looked at the primary effectiveness endpoint which 

contains a 30-day perioperative survival metric stratified by the donor inclusion criteria and 

16 what we saw was that point estimates of survival among recipients of single criterion donor 

17 organs was somewhat surprisingly worse than the estimate of survival among those who 

18 received donor organs with multiple criteria. 

19 So next we looked at longer-term survival estimates out to 2 years and again saw a 

trend of lower survival among donor organs having just one extended criterion. When we 

21 looked at the donors that had expected cross-clamp time as a criterion, either alone or in 

22 concert with others, point estimates of 2-year survival were paradoxically lower when the 

23 expected time was the only reason for being preserved with the device. Cross-clamp time 

24 in conjunction with one or more other criteria had a higher 2-year survival rate. And then if 

we look at the actual cross-clamp times experienced, those used for a shorter period of 
Free State Reporting, Inc. 

1378 Cape Saint Claire Road 
Annapolis, MD 21409 

(410) 974-0947 



 
 

 
  

  
 

 
    

        

          

     

      

        

      

        

      

       

       

    

      

   

      

     

        

     

       

  

       

      

      

      

     

5

10

15

20

25

104 

1 time also had lower estimates of survival. 

2 Now, any inferences from these analyses are certainly limited by their post hoc 

3 nature, their relatively small sample sizes, and their wide confidence intervals. But it is 

4 interesting to note that the survival estimates of these presumably lower-risk donor organs 

are consistent with the survival probability seen in the OCS arm of PROCEED, 75%. 

6 We also have the adjunctive dataset from EXPAND CAP and this was a recently 

7 conducted expansion of the EXPAND IDE, they had minor modifications from the EXPAND 

8 IDE protocol. Forty-five subjects were enrolled, 41 had reached the 30-day primary 

9 effectiveness endpoint by the time the Sponsor presented these data to us in the latter part 

of 2020.  Four of the 49 donor organs were turned down, that's 8%. In CAP, 59% of the 

11 enrolled subjects occurred at one site, which was also the high enrolling site in EXPAND. 

12 Recipient and donor demographics were generally consistent with EXPAND except for some 

13 aspects that I've highlighted here. Preservation parameters were likewise similar to what 

14 was seen in EXPAND. 

Finally, secondary endpoint results, while not tested, appeared to be consistent with 

16 what EXPAND had demonstrated. CAP, however, reported and proved 6 and 12-month 

17 survival as compared to the IDE cohort. But there was substantial censoring, more than 

18 50% of the data, since this was a very recently conducted study, and many subjects had not 

19 yet reached their 6 and 12-month time points, as the tick marks on the right curve 

demonstrate. 

21 So we pooled the data from EXPAND and CAP, and you can see the pooled survival 

22 estimates here, including again piecewise modeling we viewed before.  Although there 

23 again is increasing uncertainty with the model at longer time points, 2-year survival 

24 estimates for the pooled cohorts is 85%. And when we compare that to both the EXPAND 

population results alone, which is in blue on this slide, and PROCEED II device arm, which is 
Free State Reporting, Inc. 

1378 Cape Saint Claire Road 
Annapolis, MD 21409 

(410) 974-0947 



 
 

 
  

  
 

 
    

     

    

       

     

       

   

         

    

     

       

       

        

      

    

   

       

      

     

       

       

  

      

  

     

5

10

15

20

25

105 

1 in purple, we see that pooling of EXPAND and EXPAND CAP datasets does shift the expected 

2 model survival curve upwards, somewhat closer to the standard of care survival curve in 

3 PROCEED II, which is shown in green. 

4 These findings need to be looked at with appropriate caution because while perhaps 

meaningful, the data pooling was post hoc, there is that increasing uncertainty with the 

6 model as time points move farther out and there is a very substantial site effect, which you 

7 can see here. 

8 One site enrolled nearly half of the pooled cohort subjects at 46%.  We compared 

9 the 1-year survival, 1-year survival, from that high enrolling site to the aggregate survival 

from all the remaining pooled EXPAND and CAP sites.  The survival probabilities and 95% 

11 confidence intervals are shown here, 93% versus 82%. And this, accordingly, may 

12 substantially affect the generalizability of the pooled EXPAND plus CAP survival results. 

13 So in summary, then. The OCS Heart System is a first-of-a-kind organ preservation 

14 device that has an intuitive appeal because of its presumed reduction in ischemia 

reperfusion injury, and a presumed increase in procurement flexibility leading to more 

16 procurements taking place. 

17 PROCEED II and EXPAND were conducted in series over a 10-year time span.  The 

18 trials had complex designs that were necessary given the nature of organ transplantation 

19 and there likely was some selection bias in both. 

EXPAND was to evaluate extended criteria donor hearts that were not ostensibly a 

21 part of PROCEED II.  The most common reason to use the device in EXPAND was a priori 

22 expectation by investigators that there would be prolonged cross-clamp time after 

23 procurement. We do believe that there was overlap between the study's donor heart 

24 characteristics. 

EXPAND did meet a performance goal of 30-day effectiveness, but the 
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1 appropriateness of that pre-specified performance goal is uncertain to us. 

2 Midterm survival of EXPAND's extended criteria donor organs is higher than the 

3 PROCEED II device experience, but survival in hearts selected only on the basis of expected 

4 cross-clamp time being greater than or equal to 4 hours remains similar to the survival seen 

with the device arm from PROCEED II. 

6 The OCS Heart System was associated with shorter waiting list times as compared to 

7 U.S. averages, and longer preservation times were seen as compared to cold static 

8 preservation. The OCS Heart System does decrease cold ischemic time for donor organs, 

9 but it does not eliminate the cold ischemia. 

And 13% of accepted donors were subsequently turned down after preservation 

11 with the OCS Heart System. Reported lactate level was the main reason for clinician 

12 decisions to turn down those organs. We believe the validity of lactate as a determinant for 

13 transplantability after OCS Heart preservation is unclear. 

14 And finally, ischemic injury was observed in turned-down donor hearts, but the 

precise correlation of that ischemia with device preservation remains uncertain to us, which 

16 Dr. Farb will now discuss.  Thank you very much. 

17 DR. FARB: Good morning, I'm Andrew Farb, Chief Medical Officer in the Office of 

18 Cardiovascular Devices. By background, I'm a cardiologist with additional training and 

19 experience in cardiovascular pathology. I'll be presenting FDA'S clinicopathologic analysis of 

hearts perfused with the OCS Heart System but turned down for transplant. 

21 Our methods were as follows: EXPAND, EXPAND CAP, and PROCEED II donor hearts 

22 that were perfused on the OCS Heart System but turned down for transplant were 

23 identified.  Pathology reports, gross cardiac specimen photos, and photomicrographs from 

24 the two core pathology labs were reviewed. 

We compiled demographic data, medical history leading to brain death, and hospital 
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1 course information including vital signs, laboratories, and key cardiac assessments, 

2 including echocardiograms and cardiac cath reports. 

3 From available records, we also collected study enrollment criteria, brain death to 

4 cross-clamp time, OCS Heart perfusion time, mean aortic pressure, mean coronary flow, 

lactate level assessments, and the reason the donor heart was turned down for transplant. 

6 Starting first with the EXPAND study, the Sponsor provided cardiac pathology reports 

7 for 17 of 18 OCS-perfused donor hearts that were turned down for transplant. One report 

8 was not available. Evidence of acute diffuse or multifocal ventricular myocardial damage 

9 was seen in 16 of 17 hearts characterized by contraction band necrosis, coagulation 

necrosis, myocyte wavy fiber change, and interstitial edema.  None of these hearts had 

11 other significant cardiac findings except for one heart with LVH and severe three-vessel 

12 coronary disease.  The remaining heart showed healing subendocardial infarcts, consistent 

13 with myocardial injury prior to perfusion with the OCS Heart device. 

14 Here are the cardiac pathologic findings in the four EXPAND CAP study hearts that 

were turned down for transplant. There was acute diffused ventricular myocardial damage 

16 in all four hearts.  None of these hearts had other significant cardiac findings. 

17 Next, our cardiac pathologic findings in the five PROCEED II OCS-perfused hearts that 

18 were turned down for transplant. Cardiac autopsy findings in these five hearts showed 

19 acute diffuse myocardial damage in three cases and focal myocardial damage in one case. 

Further analysis of selected turned-down donor hearts provide insights into whether 

21 perfusion with the OCS Heart System provides effective organ preservation or can cause 

22 myocardial damage. 

23 The way we approached this issue was to perform a review of those turned-down 

24 donor hearts that had normal left ventricular function in the immediate antemortem 

period.  This analysis offers insights into the potential limitations of the OCS Heart System 
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1 to provide effective organ preservation. There were 20 individual hearts that were turned 

2 down for transplant which had an echo-documented LV ejection fraction of greater than or 

3 equal to 55% within 1 to 2 days pre-cardiectomy, 12 EXPAND, four EXPAND CAP, and four 

4 PROCEED II donor hearts. During this period, available vital sign flow sheets showed no 

prolonged episodes of hemodynamic instability. 

6 Cardiac autopsy findings in 18 of these 20 individual hearts showed acute diffused 

7 ventricular myocardial damage in 12 hearts, six EXPAND, three EXPAND CAP, and three 

8 PROCEED II hearts, and acute multifocal ventricular myocardial damage in six hearts, five 

9 EXPAND and one EXPAND CAP heart. 

An example of an EXPAND turned-down heart that demonstrated diffused 

11 myocardial damage following OCS heart perfusion was this donor heart from a 52-year old 

12 man with a hemorrhagic stroke approximately 3.5 days pre-cardiectomy. There was no 

13 cardiac arrest and troponin levels were not elevated. Cardiac cath showed only coronary 

14 luminal irregularities and an echo within 48 hours prior to cardiectomy showed an LV 

ejection fraction of 60%. Vital signs prior to cardiectomy were stable.  The inclusion criteria 

16 met were a projected cross-clamp time of greater than or equal to 4 hours and coronary 

17 luminal irregularities. 

18 The OCS heart perfusion time, coronary flow, and lactate levels are shown here. 

19 Arterial lactate peaked at around 4.5 mmol/L. 

Grossly, the turned-down heart showed subendocardial hemorrhage involving the 

21 left atrium and left ventricle. 

22 The pathology core lab noted that all gross myocardial lesions showed histologic 

23 evidence of severe and extensive changes on acute ischemic injury ranging from contraction 

24 band to coagulation necrosis with microscopic foci of tissue dissolution in the center of the 

damage areas. These areas accounted for approximately 25% of the myocyte area. 
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1 Damage was most severe in the myocardial defects of the left lateral ventricle near the 

2 septum where early tissue dissolution was seen. But importantly, myocardial damage was 

3 also seen in nearly all gross lesion and non-gross lesion histologic sections. 

4 Here are representative photomicrographs. The top image shows extensive 

contraction band necrosis, the bottom left image shows contraction band necrosis with 

6 coagulation necrosis, and the bottom right high-power image shows contraction band 

7 necrosis, coagulation necrosis, and myocyte dropout. Note the absence of acute 

8 inflammation. 

9 A second example of an EXPAND turned-down donor heart was from a 31-year-old 

man with anoxia secondary to drug intoxication approximately 7.5 days pre-cardiectomy. A 

11 cardiac arrest at presentation lasted 18 minutes. Cardiac biomarkers were not elevated and 

12 an echo within 48 hours of cardiectomy showed an LVEF of 60% with trace to mild MR and 

13 TR.  There were stable vital signs prior to cardiectomy. The EXPAND inclusion criteria met 

14 were a projected cross-clamp time of greater than or equal to 4 hours and the 18-minute 

cardiac arrest down time. 

16 The OCS heart perfusion time, coronary flow, and lactate levels are shown here. The 

17 arterial lactate peaked at approximately 4.5 mmol/L. 

18 Grossly, the heart showed focal hemorrhage in the posterior and lateral LV walls 

19 with hemorrhagic mottling, mostly in the left anterior and left lateral walls. 

The pathology core lab report noted that nearly all sections from the left and right 

21 ventricles and the interventricular septum showed myofiber hypereosinophilia, focal 

22 contraction band necrosis, wavy myofibers, interstitial edema, and focal coagulation 

23 necrosis with early loss of nuclei, but minimal to no neutraphilic infiltration. These findings 

24 are consistent with widespread acute ischemic injury. 

Here are representative photomicrographs. The top left and right images show low 
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1 and high-power views of contraction band necrosis, coagulation necrosis, and myocyte 

2 dissolution. The bottom left image shows contraction band necrosis with marked 

3 interstitial hemorrhage, and the bottom right image shows focal contraction band necrosis 

4 with myocytolysis. 

A third example of an EXPAND turned-down heart was from a 17-year old male with 

6 an intracranial hemorrhage secondary to an AVM approximately 2.5 days pre-cardiectomy. 

7 There was no cardiac arrest or cardiac biomarker elevation. An echo within 48 hours prior 

8 to cardiectomy showed an LVEF of 65% and vital signs were stable, the single EXPAND 

9 inclusion criterion met with a projected cross-clamp time of greater than or equal to 4 

hours. 

11 The OCS heart perfusion time, coronary flow, and lactate levels are shown here. The 

12 arterial lactate peaked at approximately 7.0 mmol/L. 

13 Grossly, at autopsy, the heart showed focal subendocardial hemorrhage in the 

14 anterior and lateral LV walls. 

The pathology core lab report noted an anterolateral subendocardial infarction with 

16 reperfusion and hemorrhage, and remaining myocardial section showing occasional acute 

17 microinfarcts with hypereosinophilia, contraction bands, edema, plus other areas of 

18 interstitial hemorrhage secondary to reperfusion.  These findings are consistent with 

19 widespread acute ischemic injury and there was no inflammation or myocardial lesions that 

correlated with the antemortem intracranial hemorrhage. 

21 Representative histologic images show diffused contraction band necrosis in the top 

22 picture, contraction band necrosis with coagulation necrosis at the bottom left, and 

23 contraction band necrosis with interstitial hemorrhage on the bottom right. 

24 Some clinical observations support the possibility of less effective organ preservation 

by the OCS Heart System.  In the PROCEED II randomized trial, there were more early 
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1 deaths, longer ICU stays, greater use of mechanical circulatory support, and longer hospital 

2 duration in recipients of donor hearts in the OCS group versus the standard of care group. 

3 In EXPAND, four patients with OCS-perfused hearts had acute severe primary graft 

4 dysfunction that directly contributed to death. Three cases occurred within the first 24 

hours and one within 48 hours. Pre-transplant echoes showed a normal LVEF for three of 

6 these four hearts with echo data not provided for the remaining heart. Comments in the 

7 narrative summary reports stated that mortality was possibly related to preservation. 

8 In summary, the pathologic analysis of OCS-perfused turned-down donor hearts with 

9 (1) stable antemortem hemodynamics; (2) normal or near normal cardiac anatomy and 

normal ventricular function by echo; and (3) cardiac autopsy findings of acute diffuse or 

11 multifocal myocardial damage suggest that, in an important proportion of cases, the OCS 

12 Heart System did not provide effective organ preservation or its use caused severe 

13 myocardial damage to what would have been an acceptable graft for transplant. 

14 That completes the clinicopathologic correlation analysis. I would like to reintroduce 

Catherine Wentz to discuss post-approval study considerations. 

16 MS. WENTZ: This is Catherine Wentz again and I will be presenting the proposed 

17 post-approval study. 

18 In the event of approval for the OCS Heart System, the Sponsor has proposed the 

19 following post-approval studies.  First, the Sponsor has proposed a 175-patient, single-arm, 

prospective, multicenter, observational post-approval registry with follow-up out to 12 

21 months and outcomes out to 5 years.  The Sponsor has also proposed a single-arm 

22 observational post-approval follow-up data analysis in which outcomes obtained from the 

23 existing national Scientific Registry of Transplant Recipients database for the 75 subjects 

24 transplanted in EXPAND will be obtained and analyzed out to 5 years. 

FDA has concerns with the proposed primary endpoint and the performance goal 
Free State Reporting, Inc. 

1378 Cape Saint Claire Road 
Annapolis, MD 21409 

(410) 974-0947 



 
 

 
  

  
 

 
       

     

      

      

   

   

      

   

          

       

  

      

          

   

      

  

      

    

       

  

     

    

       

   

    

5

10

15

20

25

112 

1 identified for the studies. For example, the proposed primary endpoint is 12 months 

2 survival from cardiac graft-related death. However, FDA believes that the 12-month 

3 survival should be based on all-cause mortality.  Additionally, the 86% performance goal for 

4 the proposed primary endpoint of cardiac graft-related death we believe is low considering 

that the post hoc un-adjudicated analysis of cardiac graft-related survival at 12 months in 

6 EXPAND was 95%. 

7 I would now like to turn over the presentation to Fernando Aguel, who will provide 

8 the FDA summary. 

9 MR. AGUEL: Good morning, my name is Fernando Aguel. I am the Assistant Division 

Director for the Circulatory Support Devices Team and I will be presenting the FDA 

11 summary. 

12 The OCS Heart System and in particular, its use in an extended criteria donor heart 

13 category, is intended to advance the field of cardiac transplantation. As we covered in our 

14 presentation today, we believe there are multiple important limitations in the design, 

execution, and analyses of the PROCEED II, EXPAND, and EXPAND CAP studies, making an 

16 assessment of device benefit-risk challenging. 

17 There are challenges regarding study design and results such as challenges in 

18 interpreting the randomized results from PROCEED II and how they inform EXPAND study 

19 results, and there are limitations of the single-arm study design for EXPAND and EXPAND 

CAP. 

21 There are challenges in study conduct, including late adjudicated changes to 

22 investigators assigned primary endpoint classification for primary graft dysfunction and 

23 modification to the assignments of inclusion criteria met, which were revised after data lock 

24 and FDA review. 

There is difficulty in defining extended criteria hearts and in the possibility of 
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1 substantial overlap between the definitions for standard and extended criteria donor 

2 hearts. 

3 It is unclear whether the use of lactate can be confidently replied upon as a metric to 

4 determine the transplantability of a donor heart post-perfusion. 

Survival analyses show the trend of decreased survival for randomized PROCEED II 

6 OCS hearts compared to standard of care and similar survival curve for EXPAND study 

7 hearts. 

8 There is uncertainty regarding the safety of OCS heart device and whether the device 

9 used may be associated with myocardial damage. 

And lastly, the public health concern regarding the unknown impact of the OCS Heart 

11 System will have on the pool of transplantable donor hearts and the impact on long-term 

12 survival for transplant recipients. 

13 Later today, the Panel will be asked to comment on how these issues impact clinical 

14 trial data interpretation and vote on the overall safety, effectiveness, and benefit-risk 

profile of the OCS Heart System for the proposed indication for use. 

16 Thank you for your attention. This concludes the FDA presentation. 

17 DR. LANGE: Thank you.  I would like to thank the FDA speakers for their 

18 presentations. 

19 I am now willing to entertain brief clarifying questions.  Again, if you'll raise your 

hand.  I see Dr. O'Connor, Dr. -- Al Stammers, Allen, and Jason. 

21 So Dr. O'Connor first. 

22 DR. O'CONNOR: Thank you. An excellent presentation and analysis by the FDA 

23 team. I wanted to ask Dr. Sapirstein about his "clinically meaningful survival benefit."  We 

24 all recognize that in a trial this size when there's 30 events, that it's difficult to understand 

whether this is a true signal or not, and one could argue whether a multiple comparison 
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1 Bonferroni correction should be made on those nominal p-values, and I think the conclusion 

2 of saying there might be a trend is more appropriate. 

3 Given that the deaths look like they occurred late or due to infection or malignancy 

4 that caused the imbalance in the PROCEED II trial, do you think there is a lack of correlation 

between possible ischemia or injury or the device and this late imbalance of mortality? 

6 DR. SAPIRSTEIN: Thank you, Dr. O'Connor.  This is John Sapirstein. 

7 First, let me just point out that we were not saying that there was a statistically 

8 significant, we said we thought that the curves showed a clinically significant difference and 

9 this was manifested from the early period and continued on, and we stand by that belief. 

As far as what caused the late deaths, I mean, transplantation and the support of transplant 

11 recipients in the longer term is obviously very complicated, there's a lot that happens. 

12 There's a lot of confounding that can happen the farther you move out from the index 

13 procedure. That is perhaps why all-cause mortality is the metric that FDA is looking on 

14 because I think it's very difficult to definitively tease out if any of, for example, the late 

infection complications that might have led to death may have been in some fashion related 

16 to the early experience and even the preservation experience.  That's with small numbers 

17 and the complexities, that's very difficult to do and frankly, that's what we're asking the 

18 Panel to help us tease out. 

19 DR. LANGE:  I've got Mr. Stammers, Dr. Allen, and then Dr. Jason Connor and Dr. Yuh. 

So Mr. Stammers. 

21 MR. STAMMERS: Thank you, Dr. Lange.  And I would like to thank Ms. Wentz and the 

22 entire FDA panel for that very nice summary and presentation. 

23 My question is going to follow up what Dr. O'Connor and Dr. Sapirstein were just 

24 discussing and it's using the comparator, cardiac-related survival, and the FDA clearly is 

asking for all-cause mortality. I'm not familiar, and I apologize for my lack of knowledge in 
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1 this in the use of cardiac-related survival which Dr. Hassanein reported in a lot of his 

2 Kaplan-Meier curves and it was not reported in the FDA. Can you comment, anybody from 

3 the FDA, on this, on the use of cardiac-related survival, specifically as a comparator to the 

4 difference in all-cause mortality, which you are recommending? 

DR. LANGE: And by the way, Al, that's a terrific question, so not only will I have the 

6 FDA talk about it, but I'm going to ask Dr. O'Connor in our after-lunch to also weigh in on 

7 that, as well. But go ahead, let me send it to the FDA first. 

8 DR. SAPIRSTEIN: So this is John Sapirstein again and perhaps Ms. Wentz would want 

9 to comment, as well.  Cardiac-related mortality was not specified as an endpoint or even as 

something to be evaluated in either PROCEED II or EXPAND.  In fact, in both studies the time 

11 frame, specified time frame for adverse event adjudications was 30 days. So the reason 

12 FDA didn't focus on cardiac related mortality is that we feel those data, which as time goes 

13 on, as Dr. O'Connor mentioned, it can become a little bit more problematic to evaluate. 

14 Those were registry reported, not adjudicated in the sense of the trial's 30-day adverse 

event adjudication. 

16 So we think that those mortality results are frankly much more confounded and 

17 difficult to interpret than a much more discrete all-cause mortality and again, I'll just stress 

18 that's partly why we see such value in the randomized study of PROCEED II, because it was 

19 randomized and that makes interpretation of all-cause mortality, though somewhat limited, 

as Dr. O'Connor mentioned, a little more straightforward, in our opinion. 

21 DR. LANGE: Great.  Al, did that begin to address the question? Again, we'll have 

22 Dr. Jason Connor talk about it after lunch, as well. 

23 MR. STAMMERS: Yes, Dr. Lange. I think after lunch I'll ask another question. 

24 DR. LANGE: Great.  Thanks, Al. 

I've got Dr. -- Dr. Allen, I'm sorry.  Then Dr. Connor and then Dr. Yuh, Dr. Moon, 
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1 Dr. Blankenship. 

2 DR. ALLEN: Hi there, this is Keith Allen. 

3 I congratulate the FDA, they provided a nice counterbalance to the Sponsor's 

4 presentation earlier. I was very impressed with the clinicopathologic correlation piece that 

the FDA presented.  While I don’t want to draw conclusions, too many conclusions about 

6 three cases, what I was a bit surprised by was the extremely limited amount of animal data 

7 that was ever provided to the FDA, and some of the questions in the clinicopathologic piece 

8 that it brings up could, I think, be easily addressed with well-done animal testing.  So my 

9 question to the FDA was, is the data that you presented, a couple of animals, is that truly all 

the animal data that's been done with this device and was that acceptable to the FDA or did 

11 the FDA ask the Sponsor to do more animal testing and they refused? 

12 MS. WENTZ: Thank you, Dr. Allen.  This is Catherine Wentz. 

13 And yes, for the PMA itself, we received an animal study of two animals.  They did 

14 that on their final design. Their explanation for not providing more animal studies than 

they did was that they had plenty of clinical data either from PROCEED II or from OUS. We 

16 never did receive a full comprehensive animal study. 

17 MR. AGUEL: And this is Fernando Aguel. 

18 If I may add, to establish the safety of the device to be able to commence the trial, 

19 we did find the experience, clinical experience already, as well as the animal studies 

presented, sufficient to move forward with the IDE study.  However, as Catherine 

21 mentioned, we did have some questions remaining at the time of the marketing application, 

22 at the time of the PMA. 

23 DR. FARB: And if I might add --this is Andrew Farb, FDA -- to Dr. Allen's question, is a 

24 good one because we think, based on the numerous cases we see that had evidence of at 

least multifocal and more commonly diffused myocardial injury, those types of questions 
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1 could begin to be addressed from insights gained from some animal studies looking at just 

2 that issue. 

3 DR. LANGE:  Thank you, the FDA. 

4 I've got Dr. Connor, Dr. Yuh, Dr. Moon, and Dr. Blankenship. 

So Dr. Connor. 

6 DR. CONNOR:  Hi, Jason Connor. 

7 So my question is about blinding, and so I understand that the doctor excising the 

8 organ or implanting the organ is unblinded, obviously, but was the Sponsor privy to 

9 accumulating data, just because the docs on the ground know what's what, the Sponsor 

need not be -- you know, the data can go to a CRO and they don't see that.  So given the 

11 substantial changes that occurred during the course of PROCEED, I was wondering if FDA 

12 could clarify that for me because the word "blinding" didn't appear in either executive 

13 summary. 

14 MR. AGUEL: So I'll ask Catherine Wentz and John Sapirstein if they can comment on 

this. 

16 DR. SAPIRSTEIN: Yeah, so this is John Sapirstein. 

17 You can corroborate with the Sponsor, but our understanding is that yes, the 

18 Sponsor had ongoing and continuous understanding of the outcomes as they were 

19 developing over both trials. 

DR. CONNOR:  Okay.  And then some of those changes that were made, like can you 

21 tell if those were made in result to accumulating data?  You know, we make things for 

22 safety reasons, we make changes to increase accrual rates, things like that, but I just 

23 wonder if you saw certain things going worse in one direction and if you knew that's what 

24 led to some of those changes that you noted --

DR. SAPIRSTEIN:  I think -- this is again John Sapirstein -- this can only be speculation 
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1 and that's a question I believe you should ask the Sponsor. 

2 DR. CONNOR:  Okay.  Yeah, thank you. 

3 DR. SAPIRSTEIN:  Yeah. 

4 DR. LANGE:  Great. 

DR. ZUCKERMAN: So, Dr. Lange, can we make sure that the Sponsor addresses 

6 Dr. Connor's question after lunch? 

7 And Dr. Connor, is your main question centered on the slide that Ms. Wentz showed 

8 where 25 additional patients were added to EXPAND at a certain time with certain 

9 knowledge of data or can you be a little bit more specific? 

DR. CONNOR:  Yeah.  I mean, I think it was both.  I mean, that situation in EXPAND 

11 but also in PROCEED, that even though it was randomized and controlled, changes were 

12 made and that's why I was simply asking about the blinding, I figured they were unblinded 

13 in EXPAND.  So kind of both of them, but particularly with PROCEED II.  And I didn't know, I 

14 was asking because I didn't know if FDA had done, for instance, post hoc analyses before 

and after sort of those protocol revisions, but I understand that's digging deep, but thank 

16 you. 

17 DR. LANGE:  And you're right, Dr. Zuckerman, we'll ask the Sponsor to address that 

18 after lunch, as well.  Thank you. 

19 We've got Dr. Yuh, Dr. Moon, and Dr. Blankenship. 

DR. YUH: Thank you. David Yuh  here. 

21 I just wanted to better understand the FDA's concern about the post hoc addition of 

22 the additional extended criteria in the EXPAND trial.  Was there concern that the clinicians 

23 making these decisions weren't aware of these additional extended criteria and that that 

24 may have, in turn, impacted their decision otherwise in selecting that organ or -- I just want 

to better understand the concern, since it seems to be a focus. 
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1 DR. SAPIRSTEIN:  Yes, this is John Sapirstein, FDA. 

2 Yes, that's one aspect of it. As I think you might've seen, from our perspective, a lot 

3 of what could be considered an extended criterion is appropriately the judgment of the 

4 clinician at the time of donor acceptance or the decision to evaluate on site and FDA 

understands that completely. In terms of the trial, that's what the trial was intended to 

6 evaluate, these so-called extended criteria donor organs, and it was distinct from PROCEED 

7 II, which were more standard criteria donor organs. And so, as I said, we don't know if true 

8 data regarding a given organ actually was part of this notion of characterizing the organ as 

9 extended criteria. We're not disputing that some of these findings, data, existed in the 

donor heart, but that is not what the trial was designed to evaluate. 

11 DR. YUH: Thank you. 

12 DR. ZUCKERMAN: So, Dr. Yuh, the medical monitor for TransMedics is here. Would 

13 it be valuable, after lunch, if you query him with the same question to get a better idea of 

14 what happened during this trial? 

DR. YUH:  I'd be happy to. I think that would be helpful, thank you. 

16 DR. ZUCKERMAN:  If the Sponsor could note that, please, Dr. Lange. 

17 DR. LANGE: All right, we've got Dr. Moon. 

18 DR. MOON:  Yeah, I've got a couple questions. (1) one of the criteria to rule out the 

19 use of an organ was increasing lactate while it was on the machine, but there were other 

reasons. Were there any hearts that were turned down without a high lactate elevation 

21 that underwent pathologic evaluation but had severe ischemia or severe myocardial 

22 damage?  Because that would suggest to me that lactate elevation wouldn't tell you the 

23 whole story. 

24 DR. FARB:  Fernando -- Dr. Farb, FDA -- if you could pull up backup slide 216. 

MR. AGUEL: Yes, sir. 
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1 DR. FARB: So while we're pulling up a slide for this, there were 27 total hearts that 

2 were turned down and of those 27, 15 had a lactate level less than 0.5.  So why don't you go 

3 to the previous slide, please? So here are the mean and ranges for the lactate level, the 27 

4 turned-down hearts from the three studies. And what you can see is the means were above 

five for EXPAND and EXPAND CAP, and below five for PROCEED II and you can see the 

6 ranges, but the bottom line, you can see of the 27. Fifteen of those 27 were peak lactate 

7 less than 5.0 mmol/L. If you go to the next slide, we look at the subset -- slide 216 -- of 

8 those 18 turned-down hearts from the three studies that had echo-documented normal EF 

9 within 1 to 2 days prior to cardiectomy with stable vital signs, and I think it's the group of 

hearts with the autopsy findings of acute diffused multifocal ventricular myocardial 

11 damage.  While the mean was slightly above five for the peak lactate, 10 of the 18 hearts 

12 had peak lactate levels less than five, the cutoff that the Sponsor proposed. 

13 DR. MOON: Okay. I mean, this is a little concerning to me. What we need to know 

14 is, do the standard preserved hearts also have similar damage that are implanted in the 

patients?  Did the organs that came off the device and got implanted have similar damage 

16 or -- this needs an animal study. I'm with Dr. Allen, he hit the nail on the head.  You could 

17 do this in 2 weeks.  Two weeks. 

18 DR. LANGE: All right, we'll discuss it at lunch.  Dr. Moon, any other questions before 

19 we break? 

DR. MOON: No, I'm good. Thanks. 

21 DR. LANGE:  Okay, I've got Dr. Blankenship. 

22 DR. BLANKENSHIP: I had essentially the same question as Dr. Moon.  Do we have 

23 any data, say, from patients who died very soon after the heart was implanted or even early 

24 biopsy data of hearts that were implanted to see if they had similar findings? 

MS. WENTZ:  This is Catherine. 
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1 No, to my knowledge, we do not.  The only thing that we have -- Fernando, if you can 

2 pull up slide 225. I did ask for the operative reports on all hearts so that I can read through 

3 them and see whether or not any observations were made on transplanted hearts and all I 

4 could find was this one from Site Number 3 that observed a patchy, hemorrhagic 

appearance and the external surface of the heart was rather petechial, consistent with the 

6 appearance of several other hearts we have seen on the Organ Care System. So that's really 

7 the only evidence that we have on the hearts that have been transplanted. 

8 DR. FARB: Andrew Farb, FDA. 

9 Dr. Blankenship, I'd just add that this is a very unique dataset of human hearts 

perfused, normothermia, pressure at flow, that were preserved in such a fashion and then 

11 underwent cardiac autopsy. This is a very special dataset and that's why we think the 

12 insights of that are important. 

13 DR. LANGE: Great. I think that answers Dr. Blankenship's question. 

14 Dr. Hirshfeld has a follow-up question, I think, related to this. 

John. 

16 DR. HIRSHFELD: Yeah. This is John Hirshfeld. 

17 I've been concerned all along about the quality of preservation that the Organ Care 

18 System provides and two other pieces of data that concerned me are, first of all, the 

19 coronary flow rates in these hearts are at least double what a normal coronary flow rate 

should be, which raises the question why are these hearts that are not working choosing to 

21 have such a very high coronary flow rate and is there some mal-distribution of coronary 

22 flow within the myocardial walls which could be possibly attributable to the -- or possibly be 

23 the reason that the -- this is occurring? 

24 Secondly, normal happy hearts metabolize lactate, they don't release it, and so the 

fact that the only source of lactate in the system is the heart and the lactate levels are going 
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up are telling us that these hearts, even if they satisfy the criteria, are running or producing 

lactate rather than metabolizing lactate, and that's a source of concern. 

The third thing was, and I noticed in the two animals that were described earlier, 

there was a weight gain of about 15 or 20% of the heart during the time that the heart was 

on the Organ Care System and I haven't seen any data about whether the transplanted 

hearts were weighed when they were harvested and weighed again before they were 

implanted, but if that data is available, that would be interesting to see. 

DR. LANGE: Great.  Thank you. 

So I've got three things for the Sponsor to address before we break for lunch. One 

was related to Dr. Connor's question, did the Sponsor have an ongoing understanding of the 

outcomes and how that may have influenced change or altered subsequent outcomes 

and/or the study. Second is, Dr. Yuh mentioned the extended criteria concerns and did that 

influence -- and the physician organ acceptance. And the last, as Dr. Hirshfeld said, were 

hearts weighed before and after to determine if there was edema. 

So with that, I'll have us have a break for lunch. We'll reconvene at, let's see, 1:45 

Eastern Time, is that correct? Let me check real fast. 

DR. ZUCKERMAN: You're making the conversion correctly, Dr. Lange. 

DR. LANGE:  All right, so at 1:45. I've got two different things, so we've got -- wow.  

It's 1:44 right now. So let's meet at 5 minutes to 2:00, let's take 30 minutes, we'll do that. 

Five minutes to 2:00.  Jim Foley (ph.), I'll ask you to put the countdown on and we'll 

reconvene. So thank you very much. 

(Whereupon, at 1:44 p.m. a lunch recess was taken.) 
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1 A F T E R N O O N  S E S S I O N 

2 (1:55 p.m.) 

3 DR. LANGE: All right, Jim, are we prepared? It's 1:55 and I would like to resume this 

4 Panel meeting.  Thank you, everybody, for joining again. 

At this point we'll now proceed with the Open Public Hearing portion of the meeting. 

6 Public attendees are given an opportunity to address the Panel, to present data, 

7 information or views relevant to the meeting agenda. Aden Asefa will now read the Open 

8 Public Hearing Disclosure Process Statement at this time. 

9 Aden. 

MS. ASEFA: Both the Food and Drug Administration and the public believe in a 

11 transparent process for information gathering and decision making. To ensure such 

12 transparency at the Open Public Hearing session of the Advisory Committee meeting, FDA 

13 believes that it is important to understand the context of an individual's presentation. 

14 For this reason, FDA encourages you, the Open Public Hearing speaker, at the 

beginning of your written or oral statement, to advise the Committee of any financial 

16 relationship that you may have with any company or group that may be affected by the 

17 topic of this meeting. For example, this financial information may include a company's or a 

18 group's payment of your travel, lodging or other expenses in connection with your 

19 attendance at the meeting. Likewise, FDA encourages you, at the beginning of your 

statement, to advise the Committee if you do not have any such financial relationships.  If 

21 you choose not to address this issue of financial relationships at the beginning of your 

22 statement, it will not preclude you from speaking. 

23 DR. LANGE: Great.  Thank you, Ms. Asefa. 

24 The FDA has received 11 requests to speak prior to the final date it was published in 

the Federal Register.  Each speaker will be given 5 minutes to speak, and I believe the first 
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1 speaker is Nina Zeldes from the National Center for Health Research. 

2 DR. ZELDES:  Thank you for the opportunity to speak today on behalf of the National 

3 Center for Health Research. I am Dr. Nina Zeldes, a senior fellow at the center. We analyze 

4 scientific data to provide objective health information to patients, health professionals, and 

policymakers. We do not accept funding from drug or medical device companies, so I have 

6 no conflicts of interest. 

7 Today you are asked to discuss several issues regarding the OCS Heart System. We 

8 want to highlight the importance of the concerns that FDA scientists raised that have 

9 implications for effectiveness, safety, and the benefit-risk profile of the device. First, let's 

discuss several of the issues FDA raised regarding the study design and conduct. 

11 First, as FDA pointed out, selection of high-performing sites with most patients 

12 enrolled at a single site and the overall conditions of the donor hearts may make the device 

13 seem more effective. In other words, the data might not be generalizable to the real world. 

14 Second, these and other issues affecting the results were raised by the FDA 28 times, 

but many of FDA's concerns were not adequately addressed by the Sponsor. Some were 

16 apparently ignored completely. 

17 Third, the Sponsor made several changes to the device design and the clinical 

18 protocol. Most important, the device design was changed after the controlled study, that 

19 means the Sponsor has provided no controlled study data on the device that they are 

submitting for approval. 

21 In terms of the clinical protocol, the company changed the statistical plan and study 

22 definitions, for example, changes to the classification of primary graft dysfunction were 

23 major in the adjudication process months or years after the transplant took place. These 

24 protocol and statistical changes should be considered scientifically unacceptable, and we 

therefore agree with the FDA that this raises the possibility that individual endpoint 
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1 determinations in EXPAND were more subjective than they should have been. 

2 Fourth, the EXPAND study lacked a control group. We strongly agree with the FDA 

3 conclusion that the EXPAND study alone is not sufficient to demonstrate a reasonable 

4 assurance of safety and effectiveness.  Moreover, the control study did not show superiority 

of the OCS Heart System, and we agree with the FDA scientists that the non-inferiority of 

6 the OCS Heart System compared to the usual standard of care does not prove clinical value. 

7 Let's look at data on effectiveness next. Most important, the device does not appear 

8 to be as effective as the usual standard of care. Pathology results from the hearts that were 

9 turned down for transplant suggests the perfusion of the OCS Heart System may have 

contributed to the myocardial damage leading to the hearts being turned down for 

11 transplant.  Eighteen donor hearts in the EXPAND study were turned down, which was 19% 

12 of donor hearts perfused on the OCS Heart System. 

13 Now let's look at safety.  FDA pointed out that the Sponsor did not have any pre-

14 specified primary endpoint hypotheses tests for the EXPAND study, which was the study 

with no control arm.  The FDA notes that in the controlled PROCEED II study, patients 

16 transplanted with hearts perfused on the OCS Heart System had a greater need for 

17 mechanical circulatory support post-transplant, had more frequent acute rejection 

18 episodes, had a lower average cardiac index, and spent longer time in the hospital in ICU. 

19 Further, within 3 years of transplantation, 17 OCS Heart System donor patients had died 

compared with only six patients -- six deaths of patients receiving standard of care donor 

21 hearts. 

22 In addition, around 80% of the donor recipients in all three studies were male. Since 

23 the studies were relatively small, a patient group that is only 20% women is not large 

24 enough to conclude whether the results for safety and effectiveness would be better or 

worse among women. 
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